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5ESIPUHE
Tämä raportti Suomen rannikkovesien tilasta on laadittu
seurantaohj elmien, velvoitetarkkailuj en sekä muiden
rannikkovesien tilaa koskevien tutkimusten tulosten
perusteella. Työ käsittelee pääasiassa vuosia 1979-1983.
Jakso vastaa Itämeren merellisen ympäristön suojelukomis
sion, Helsingin Komission koordinoiman Itämeriseurannan
ensimmäistä vaihetta. Raportin ensimmäinen versio jaettiin
tiedoksi Komission vuosikokouksessa helmikuussa 1987.
Raportti sisältää selvitykset kuormituksesta, rannikko-
vesien kemiallisesta ja biologisesta laadusta sekä hai
tallisten aineiden esiintymisestä ja vaikutuksista.
Tekijät haluavat kiittää arvokkaista kommenteista ja
kritiikistä vesi- ja ympäristöliallinnon, Merentutkimus
laitoksen, yliopistojen sekä eri tutkimuslaitosten asian
tuntijoita ja tutkijoita. Erityiset kiitokset halutaan
kohdistaa MMK Martin Forsiukselle avusta kemiallisen
aineiston käsittelyssä, FK Pirkko Kauppilalle avusta
tietojen liankinnassa ja järjestelyssä, Paula Ullakolle
ja Sirkka Vuoristoile kuvien piirtämisestä sekä Pirjo
Lehtovaaralle ja Sinikka Sudelle tekstinkäsittelystä.
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7INTRODUCTION
This report is the first extensive effort to compile the
existing information on the guality of the Finnish coastal
waters. The results are mainly given for the years 1979-
1983 to coincide with the first stage of the Baltia
Monitoring Programme of the Helsinki Commission,
The report is based on the results of different monitoring
programs, loading statistios and studies concerning the
state of the coastal water areas. The hydrochemical
part is based on the results of monitoring of the coastal
waters by the National Board of Waters and Environment
(National Board of Waters until October 1986), recipient
control studies and open sea monitoring by the Finnish
Institute of Marine Research, The biological part of
this report is concentrated on the state of the loaded
coastal areas and is thus mainly based on the results of
the recipient control studies, The chapter on the leveis
and effects of harmful substances is based on monitoring
and recipient control data and on special studies.
82 COASTAL WÄTER RESEÄRCH IN FINLAND
2.1 The Finnish coastal waters
The sea areas surrounding Finland form the northernmost
part of the Baltic Sea (Fig. 1). The proportion of fresli
water in the surface Iayer is high, the salinity being 7
0/00 in the northern Baltic Proper and decreasing towards
the heads of the Gulf of Bothnia and the Gulf of Finland.
The ice-covered period in the near-coastal waters lasts
from 3 to 6 months (SMHI and the Institute of Marine
Research 1982).
The Finnish coastal waters are typically shallow and
rich in islands and the shoreline is very complex. The
reetilinear length of the coastline is about 1 100 km,
but its actual length is 39 000 km, including the mainland
and 73 000 islands and islets (Granö & Roto 1986). The
water depth of 20 m is usually reached at a distance
of 5-15 km from the shoreline. However, in the NE Bothnian
Bay, the Quark, the Ärohipelago Sea and the easternmost
Finnish waters of the Gulf of Finland, the shallow coastal
water zone is much wider, up to 120 km in the Ärchipelago
Sea.
The mean direction of the surfaee currents is clockwise
around the Finnish coast, due to the Coriolis force (Pa1mn
1930). Locally, however, the currents are determined by
the coastal morphometry, wind conditions, water level
changes and freshwater inputs. These factors also greatly
affect the stratification conditions in the coastal water
area.
The largest rivers discliarging to the coastal waters are
the Tornionjoki (MQ196180 367 m3s) the Kemijoki (538
the lijoki (173 ms) and the Oulujoki (254
m3s) discharging to the NE Bothnian Bay, the Kokemenjoki
(208 m3s1) discharging to the central Bothnian Sea and
the Kymijoki (298 m3s) discharging to the central Gulf
9Fig 1 The sea areas around Finland
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of Finland. The estuaries of rivers are usually relatively
sheltered, but are open in the central and NE part of
the Bothnian Bay.
2.2 Monitoring
2,2.1 Open sea monitoring
The open sea monitoring is carried out by the Finnish
Institute of Marine Research (FIMR) and provides material
for the purposes of the Baltic Monitoring Program (3MP),
and for bilateral monitoring programs with Sweden in the
Gulf of Bothnia and with the Soviet Union in the Gulf of
Finland. The program of FIMR joins up with the coastal
water monitoring program of the National Board of Waters
and Environment (NBWE).
2.2.2 Coastal water monitoring
The regular monitoring of the coastal water quality was
started in Finland in the mid 1960s. At that time chemical
sampies were taken twice a year at 35 stations, situated
mainly in the outer coastal waters and the open sea
(cf. Kohonen 1974). The program was amended in 1979,
the same year when the Baltic Monitoring Programme (BMP)
of the Helsinki Commission started on its first stage.
Ät present the BMP is applied as far as is possible in
the special conditions of the coastal sea. The program
is coordinated by the Water Research Institute of the
NBWE. Sampies are collected by the seven Water and
Environment District Offices and analysed by the 1abora
tories of the District 0ff ices and the Research Laboratory
of the NBWE.
The program comprises about 90 sampling stations along
the Finnish coast (Fig. 2). In many areas they form
transects from the coast to the open sea, providing a
connection between the open sea monitoring stations and
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the recipient control stations. The sampling frequency
is four times a year for physical and chemical variabies,
three times a year for biological variabies and once a
year for harmful substances. Intensive monitoring, with
a sampling frequency of 15-20 times a year was started
at four stations in 1983 fFig. 2). The sampling depths
aro 1, 5, 10, 20, 40 m and 1 m above the bottom, For
biological variabies a pooled sample is taken from depths
of 0, 2, 4, 6, 8 and 10 m.
The variables determined within the coastal program are
presented in Table 1. The monitoring of the zooplankton
and zoobenthos is not included in the coastal program,
though it forms part of the BMP. On the other hand,
some additional chemical variabies are studied in the
coastal program.
Chlorinated hydrocarbons (DDTs and PCBs) and heavy metals
(11g, Cd, Zn, Pb, Cu) aro determined once a year on tissues
of the mussel Macoma balthica and the crustacean Mesidothea
entomon collected at 13 stations. Fish for corresponding
analyses are collected from 21 coastal areas at five
year intervais (Tabio 2).
The chemical methods (National Board of Waters 1981a)
are largely the same as used in the BMP (HELCOM 1984).
In most of the recipient control programs direct measure
ment of electrical conductivity instead of salinity is
used. The biological methods used in the coastal water
monitoring are also largely the same. In recipient control
studies, however, the primary production capacity is
measured according to the Finnish standard (SFS 3049).
Änalyses for harmful substances are performed by the BMP
methods.
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Table 1. Physical, chemical and biological variabies of the
different monitoring programmes. Note that the variabies are not
measured at every sampling station or on every sampling occasion
(see text). BMP, Baltic Monitoring programme; FIMR, Finnish
Institute of Marine Research; NBWE, National Board of Waters and
Environment. Harmful substances in Table 2.
Determinand — BMP, FIMR NBWE
Open sea Coastal Recipient River
program program control discharges
Sampling frequency > 2 4 1-14 4-12
Temperature x x
Salinity x x x x
Density x
Secchi depth x x x
Turbidity z x
Colour x x x
Odour
Suspended solids x x x
Oxygen x x x x
Hydrogen sulphide x
pH x x x x
Älkalinity x 5 XPhosphate phosphorus x x x x
Total phosphorus x x x5, x
Ämmonium nitrogen x x x
Nitrate nitrogen x x x x
Nitrite nitrogen x_ x x x
Total nitrogen z x x
Silicate x x x
TOC z x
COD x x
Lignin x x
iTofl x x x
Chlorophyll a X;) X X
Phaeopigment x
Primary production z x
Phytoplankton spec. comp. x x
Phytoplankton abundance x x x5
Phytoplankton biomass x x x5
Zooplankton spec. comp. x
Zooplankton abundanee x x5
Zooplankton biomass x1 x
Protozooplankton x /
Macrofauna spec. comp. x x
Macrofauna abundance x
Macrofauna biomass X_) X4)
Micro-organisms x x
Sediment studies x
Fishery research x
1) tentative 2) conductivity
3) primary produotion capacity 4) sanitary status
5) only in a few programs
‘4
Table 2. Variabies for harmful substances in different monito
ring programs, W, water; 1, invertebrates (Macoma baltica, Mytilus
edulis, Mesidotea entomon, Crangon crangon); F, fishes (Clupea
harengus, Gadus morrhua, Platichtys fiesus, Esox lucius); S,
sediment. For other codes, see Table 1.
Determinand BMP Coastal Recipient River
monitoring contro11 discharges
W 1 F $ 1 F W 1 F $ W
Mercury ()1 x x x x x x x
Cadmium (x) x x x x x x x x
Zinc (x) x x x x x x x x x
Lead Cx) x x x x x x x x
Copper (x) x x x x x x x x x
?etr. hydro
carbons x (x)(x) x Cx) x
Chlor. hydro
carbons x x
DDTs x x x x
PCBs x x x x x x x x
Toxaphene (x)(x)
tentative
1) relevant to local discharges
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2.2,3 Recipient oontrol studies
The monitoring of the effects of pollution on waters
receiving wastes is based on the Water Äct, Programs
for areas receiving waste discharges from one or several
sources are planned individually according to the local
environmental conditions and the guality of the waste
load. The coastal areas with the most extensive control
programs sis found near the cities of Kemi and Tornio,
Oulu, Kokkola and Pietarsaari, Pori, the Turku region,
Helsinki and Espoo, and Kotka. In addition, several
water areas with lower municipal or industrial loading
have a control program.
The parameters determined (Tabies 1 and 3) vary according
to the program. Some variabies, e.g. total phosphorus,
total nitrogen, chlorophyll a and oxygen are measured
annually in every program, and every 3rd-5th year a more
comprehensive program including biological studies is
performed. The sampling £requency varies from 1 to 14
times per year, being mostly 4-6 times.
The recipient control programs are most often carried
out by private or municipally owned laboratories, being
authorized and supervised by the National Board of Waters
and Environment.
2.2.4 River discharge monitoring
The discharges of different substances into the Finnish
coastal waters are monitored at 21 rivers mainly 12 times
a year (monthly) (Tabies 1 and 2). The monitoring was
started in 1970 for nutrients and organic matter, and in
1982 for heavy metais. Sinee 1985 the sampling has been
arranged according to the variation in water flow of
each river.
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Table 3. The local recipient control programs supervised by the
National Board of Waters; basic variables from water.
Coastal Number of Sampling Variabies
region stations frequency 02 N, COD, turbid. a-chl.
(a’) P TOC susp.
solids
Tornio 16 8 x x x
Kemi 20 4 x x x x x
Oulu 27 2-6 x x x x x
Raahe 17 4 x x x x
Kokkola 13 4 x x x x x
Pietarsaari 22 4 x x x x x
Bothnian Bay 141
Vaasa 25 6 x x x x x
Kaskinen 28 2-4 x x x x x
Pori 27 3-5 x x x x x
Rauma 13 4 x x x x x
Uusikaupunki 20 5 x x x x
Bothnian Sea 142
2)Turku 27 5 x x x x
Salo 13 4 x x x x x
HankoNW 12 2 x x x x
Ärchipelago Sea 94
HankoSE 14 3 x x x x
Tammisaari 17 3 x x x x
Helsinki-Espoo 62 6 x x x x
Porvoo 17 2 x x x x
Loviisa 24 1-14 x x x x
Kotka-Hamina 45 2-4 x x x x
Gulf of Finland 213
Total 590
1) The region of Kristiinankaupunki is also included
2) The region of Naantali is also included
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2.3 Research related to the state of coastal waters
One of the main tasks of the NBWE is to promote water
research and this has been allocated to the Water Research
Institute. In addition to monitoring activities, the
institute develops chemical and biological methods
(e.g. Mäkinen and Poutanen 1986, Leskinen 1986), performs
model studies (Eloranta et al. 1981, Kallio 1986), develops
coastal material budgets, investigates the effects of
loading in coastal waters (Isotalo et al. 1985, Ekholm
1986, Pitkänen et al. 1986), and studies littoral ehanges
(Kangas et al. 1982). A great deal of this research is
performed in collaboration with the universities and the
Finnish Institute of Marine Research,
The Finnish Institute of Marine Research mainly carries
out open sea research in the fields of physics, chemistry
and biology. In addition, however, it has long performed
research in coastal waters, e.g. on the phytoplankton
and primary production, the zoobenthos and basic hydro
graphy (e.g. Niemi and Ray 1977, Lassig et al. 1978, 1984,
Forsskåhl 1980, Forsskåhl and Sundberg 1981, Kononen and
Niemi 1984, Niemi 1984, Karjala and Lassig 1985).
The work of the Institute of Game and Fisheries Research
includes fish and fishery studies related to the pollution
of the coastal waters and open sea (Lehtonen and Hiiden
1980, Hiiden et al. 1982).
Besides the governmental research institutes described
above, four Finnish universities have field research
stations for brackish water studies, They are situated
in coastal or archipelago areas, far from the centres of
pollution and are mainly devoted to basic research. For
this reason, only some of these studies are of direct
value for a report of this kind.
The Tvärminne zoological station of the University of
Helsinki has a wide range of resedrch in brackish-water
science: pelagial dynamics (Tamminen et al. 1984, Kupa
18
rinen et a1. 1984, Kuparinen 1985), tazonomy and ecology
oL phfloplenkton and nanoplankton (RäflLars and Thcmsen
1985), pbytal and benthic studies (Salemaa 1986, Kangas
anfl Niemt 1.985, $anal.a 3.985, Karjala and Lasstg 3995),
and studies on periphyton communittes (Leskinen 1984).
7h9 Archipe1.ago researoh J.natitute ot the Un.tversity pf
Turku at Seili perfonna studies on e.g. changes in the
phyt@ zone (Haahtfla 1984), the reproduation of the
Baltia Hening (Rajasilta et a1.. 3986), biotouling (Lai
honen et al. 3.985), museJ.s 85 indicators of pollution,
and bioassan with littoral. oanisms. The Husö biol
ogical station of Abo Skadeai studies e.g. the effects of
fiet fnming on the vrroundi,ng watan (T.eppäkoski. and
Häkkilä 1984), interactions at and the recovery potential
of p$t bottqms (Pone1rff 1.985), and the 4tstrtbution
oL Fucus in the Aland archipelago (Rönnberg et al. 1985).
The Bpthnien Pay Repech Staflon of the Uj%versity oL
Oflu t Hi1iotp has $isheriee researeh and projects on
phytop3.ankton and priaary production (Aiase1a 1980a),
;:öh pana4tea (Vfltonen 3.9fl ) and zoopl.nkton prodqcti
vity (Kankaala 1984).
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3. POLLUTÄNT LOÄD ON COASTÄL WATERS
3.1 Rivers
3.1.1 Data and calculation method
The monitoring of the amounts of substances transported
to the Baitic Sea by the Finnish rivers was started in
1970 as regards nutrients and organic matter, and in
1982 as regards heavy metais.
The freguency of sampiing has generaily increased since
the beginning of the monitoring. Since 1973-1974, the
larger rivers have been sampled at ieast once a month,
whiie the frequency has been 4 to 12 times a year in the
smaller rivers. In the eariy 1970s the frequency was
lower in the larger rivers as weli. The water fiow has
been measured daily in ali the rivers studied. The samples
have been anaiysed for nutrients and organic matter (CODMn)
by the standard Finnish methods (Erkomaa et al. 1977,
National Board of Waters 1981a), and for heavy metais
by the method of Koroleff (1984).
The annual transport of materiais has been caiculated by
summing the monthiy values, which are obtained by multi
plying the mean monthly concentration by the mean monthly
flow. The rivers studied cover about 90 % of the Finnish
catchment area of the Baltic $ea, Extrapolation has
been used to obtain transport estimates for the whoie
drainage areas of the different sea areas. The reiiabiiity
of the caloulation method is discussed in more detail by
Pitkänen (1986, 1987).
3.1.2 Loading from the rivers in 1979-1983
During 1g79-19$3 the mean water flow of the Finnish rivers
discharging to the Baltio Sea was 2 900 m3
s (Table
4). On an average this flow transported to the coastal
waters 4 400 t a’ of phosphorus, 70 000 t a’ of nitrogen
20
Table 4. Water flow (Q). and loads of phosphorus (P), nitrogen (N) and organic matter (COD)
received by the coastal waters from Finnish rivers in 1979-1983 (A) and 1970-1983 (8)(Pitkänen 1986, Pitkänen et al. 1986a. Pitkänen 1987).
3-1
-1 3 -1 3 -1Sea area Q fm 5 ) P (t a ) N (10 t a ) COD (10 t a
Ä 8 A 8 Ä 8 A 3
Bothnian Bay 1 930 1 780 2 300 2 100 36 32 830 760Bothnian Sea 392 347 940 840 15 13 210 200Ärchipelago Sea 86 78 360 320 4.3 4.5 36 32Gulf of Finland 489 430 750 780 15 14 170 160
Total 2 900 2 640 4 400 4 000 70 63 1 200 1 200
21
and 1 200 000 t a of organic matter determined as CODMn,
which corresponds roughly to 170 000 t a as BOD7 accord-
ing to the values presented by Wartiovaara (1978).
Äbout two-thirds of the COD transport (830 000 t )
and about half of the nutrient transport (2 300 t a of
P and 36 000 t a of N) was discharged to the Bothnian
Bay. The four large rivers (Tornionjoki, Kemijoki, lijoki,
Oulujoki) discharging to the NE corner of the Bay were
responsible for two-thirds of the total river input of
organic matter to this sea area (Table 5). In the case
of nutrients, the small coastal rivers discharging to
the southern part of the Bothnian Bay also made a notable
contribution.
The load carried to the Bothnian Sea by the rivers con
tained 940 t a’ of P, 15 000 t a of N and 210 000
t a of COD. Especially the amounts of nutrients, 22
% of the total river load to the Finnish coastal waters,
were high in relation to the water flow. The River
Kokemäenjoki, discharging to the middle part of the
Bothnian Sea and strongly loaded by industry, agrxculture
and population centres was clearly the main source of
the loading (Table 5).
The Ärchipelago Sea received only 36 000 t a of COD,
owing to the small drainage area and also relatively low
concentrations of organic matter. The river loads of
phosphorus (360 t a) and nitrogen (4 300 t a) were,
however, high in relation to the water flow, composing 8
and 6 % of the total input of P and N by Finnish rivers.
The catchment area of the Ärchipelago Sea is intensively
cultivated and has a very low lake percentage. Both
these factors greatly increase the amount of nutrients
leached from the land (Laaksonen 1970, Wartiovaara 1978,
Kauppi 1984, Pitkänen 1986).
The Gulf of Finland received an average phosphorus load
of 750 t a’, a nitrogen load of 15 000 t a and a C0D
load of 170 000 t a. The load of nitrogen was high in
22
Table 5. River discharges of phosphorus (P). nitrogen (N) and organic matter (C0D) to the
coastal waters during 1979—1983 fA) and 1970-1983 (3) (Pitkänen 1986. 1987.
Pitkänen et al. 1986a).
-1
-1 3
-1River Coastal region P (t a ) N (t a ) COD (10 t a
A 3 A 3 A 8
Tornionjoki Tornio 300 290 4 300 4 200 100 96
Kemijoki Kemi 470 440 7 600 7 100 200 180
Simojoki NE Bothnian Bay 41 35 710 610 19 18
lijoki
—- 180 160 2 400 2 200 78 73
Kiiminkijoki 67 58 1 000 840 28 25
Oulujoki Oulu 190 220 3 400 3 900 89 95
Siikajoki NE Bothnian Bay 130 120 1 500 1 100 40 35
Pyhäjoki Central Bothnian Bay 82 66 1 100 890 28 25
Kalajokj 160 130 2 100 1 700 44 36
Lestijoki 31 25 490 360 13 10
Perhonjoki Kokkola 73 48 980 680 29 17
Ahtävänjoki Pietarsaari 21 17 390 300 6.6 6.6
Lapuanjoki Uusikaarlepyy 120 100 2 200 1 800 35 29
Kyrönjoki The Quark 160 160 3 000 2 600 39 36
Laihianjoki Vaasa 12 10 380 340 3.0 2.5
Isojoki Kristiinankaupunki 40 40 540 550 13 12
Karvianjoki Central Bothnian Sea 120 92 1 400 1 100 23 20
Kokemäenjoki Pori 570 530 9 000 8 200 130 130
Eurajoki Central Bothnian Sea 20 20 490 420 3.9 3.1
Sirppujoki Uusikaupunki 14 9 450 360 2.7 1,9
Aurajoki Turku 48 41 590 580 4.8 4.3
Paimionjoki Archipelago Saa 49 46 540 610 4.3 3.4
Uskelanjoki Salo 28 27 310 340 2.0 2.0
Kiskonjoki Archipelago Saa 19 14 280 280 3.4 2.3
Karjaanjoki Tammisaari 21 18 550 500 5.1 4.3
Vantaa Helsinki 78 91 1 400 1 500 8.8 7.8
Mäntsälänjoki Porvoo 29 24 420 440 4.2 3.8
Porvoonjoki Porvoo 73 81 1 400 1 300 5.9 5.0
Koskenkylänjoki Central Gulf of Finland 27 21 420 370 2.8 2.3
Kymijoki Kotka 280 280 6 300 5 800 110 120
Virojoki E Gulf of Finland 11 7 150 120 2.7 1.9
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relation to the water flow, composing 22 % of the total
Finnish river load, and it was greatly increased by the
Rivers Vantaa and Porvoonjoki, which are strongly loaded
by sewer systems and agriculture. The load of phosphorus
contributed by these rivers was also remarkable. The
load of organic matter was concentrated in the eastern
part of the area, which receives the waters of the River
Kymijoki. The river was also the greatest individual
source of nutrients in this coastal area, because of its
large drainage basin and the considerable amounts of
industrial and municipal waste waters discharged to the
lower part of its course, As regards the loading of
inorganic nutrient fractions, a notable role was played,
in addition to the Kymijoki, by the two strongly eutro
phicated coastal rivers, the Vantaa and the Porvoonjoki,
3.1.3 Variationa in the transport during 1970-1983
The variation in the river transport of nutrients and
organic matter is for the most part dependent on the
water flow (Wartiovaara 1975, 1978). As the average
water flow during 1979-1983 was about 10 % higher than
in 1970-1983, the material transport of the rivers was
generally also higher (Table 4).
In the Rivers Oulujoki, Vantaa, Porvoonjoki and Kymijoki
the transport of phosphorus, nitrogen and organia matter
decreased, remained at a relatively stable level or
increased only slightly, despite a clear increasing trend
in the water flow. This was due to a decrease in the
disoharge of waste waters to these rivere. In the Koke
mäenjoki, the transport of phosphorus and organio matter
decreased for the same reason during the 1970s (Isotalo
1979, Oravainen 1985). The average phosphorus input
from the Kokemäenjoki, however, was higher during 1979-
-1983 than during 1970-1983 due to the high water flow
and possibly also to an increase in diffuse loading from
agriculture. The nitrogen transport showed a somewhat
increasing trend during the whole study period, because
only minor changes took place in the nitrogen input from
municipal and induetrial sources.
Increased water flow and possibly also greater diffuse
loading increased the nitrogen transport in the coastal
drainage basina of the Bothnian Bay and the pliosphorus
transport in the catchment area of the Archipelago Sea
(Pitkänen 1986). Nitrogen transport to the Ärchipelago
Sea did not increase, because the diffuse N loading from
agriculture probably decreased due to a decrease in the
use of fertilizers during the late 1970s. The increased
N Ioading from the atmosphere (Järvinen 1986) possibly
affected the river transport of nitrogen to some extent
in the coastal drainage basins of southern Finland.
3.1.4 Transport of heavy metais
The estimates of the amounts of iron and heavy metais
(copper, zinc, lead, cadmium) discharged by rivers are
based on the data of 1982 and 1983 (Table 6). The results
(except those for iron) should he considered tentative,
due to the methodological difficulties in sarnpling and
analysis during the first years of the monitoring.
The Kokemäenjoki, loaded strongly by heavy metais in its
lower course (cf, Oravainen 1982), was clearly the greatest
individual source. The small coastal rivers of southern
Finland (e.g. the Paimionjoki, Vantaa and Porvoonjoki)
and the rivers discharging to the southern Bothnian Bay
(the Kyrönjoki, Lapuanjoki, Perhonjoki and Kalajoki)
seemed to contribute a substantial load in relation to
their small water flow. The heavy metal concentrations
in the rivers discharging to the NE Bothnian Bay and in
the Kymijoki discharging to the oentral Gulf of Finland
were low. Due to their high water flow, however, the
transport of heavy metais was considerable,
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Table 6. Approximate amounts of iran and heavy metals discharged by rivers
to the Finnish coastal waters in 1982-1983.
-1
Sea area Discharges (t a
Fe Cd Cu Pb Zn
Gulf of Finland 8 200 0.3 40 10 100
Archipelaga Sea 9 500 0.4 10 4 30
Bathnian Sea 23 000 2 30 20 100
Bothnian Bay 75 000 1 90 30 200
Tatal 120 000 3 200 70 600
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3.2 Municipal discharges
The statistics about the direct municipai waste water
ioad on the Finnish sea areas were calculated from the
data gathered by the water authority from ali sewer systems
serving more than 200 people (National Board of Waters
1980, 1981b, 1982a, 1984a,b).
The discharge data are obtained from control programs
accepted and specified by the water authority. Depending
on the size of the treatment plant, 2-12, in some cases
even more, 24-hour pooied sampies are taken annually.
The sampiing and analysis are supervised by the water
administration.
During 1979-1983 the sewer systems annuaiiy discharged
about 340 tons of phosphorus and 6 500 tons of nitrogen
to the coastai waters (Tabie 7). The oxygen consumption
(30D7) of the sewage was about 10 000 tons per year.
The most heavily loaded sea area was the Gulf of Finland,
which received the purified sewage of about 800 000 peopie
iiving in Helsinki, and the neighbouring towns (Table
11). Other coastai areas which received substantiai
amounts of municipal sewage (over 20 t P a or 1 000 t
BOD7 a) were the waters outside Kotka-Hamina, Turku,
Pori, Oulu and Kemi-Tornio.
The munioipal discharges of organic matter and phosphorus
decreased strongiy during the 1970s (Haverinen and Vuoristo
1978, Vuoristo 1980, Table 7). This was due to the
improvement of sewage treatment during that decade,
when it became usual to remove about 80 per cent of the
phosphorus and organic matter. However, there have been
no effective restrictive measures concerning the amounts
of nitrogen discharged in municipal wastes and thus the
nitrogen loads have somewhat increased.
During 1979-1983 the municipal loads of phosphorus and
organic matter decreased stili furtlier (Table 7). The
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Table 7. The municipal discharges of nutrients and organic matter
(30D7) to the Finnish coastal waters during 1979-1983 (National
Board of Waters 1980, 1981b, 1982a, 1984a,b).
. —1Variable/ Discharges ft a
Sea area
1979 1980 1981 1982 1983
Phosphorus
Gulf of Finland 210 200 210 140 130 180
Arahipelago Sea 85 43 61 35 29 51
Bothnian Sea 50 41 48 39 31 42
Bothnian Bay 90 76 79 50 41 67
Total 440 360 400 260 230 340
Nitrogen
Gulf of Finland 3 900 3 800 3 900 4 000 3 100 3 700
Ärchipelago Sea 1 100 1 100 1 200 1 000 1 100 1 100
Bothnian Sea 650 670 540 770 630 650
Bothnian Bay 1 100 1 200 1 100 810 920 1 000
Total 6 700 6 700 6 700 6 600 5 700 6 500
B007
Gulf of Finland 6 200 5 400 5 600 3 900 4 100 5 000
Ärchipelago Sea 1 500 1 400 1 900 1 300 1 300 1 500
Bothnian Sea 1 900 1 800 1 800 1 500 1 500 1 700
Bothnian Bay 2 500 2 500 2 700 1 900 1 600 2 300
Total 12 000 11 000 12 000 8 600 8 500 10 000
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decrease in the phosphorus and BOD loads from 1979 to
1983 was about 50 % and 30 %, respectively. The load of
nitrogen also decreased, by 15 %. This was due to im
provements made in the treatment of sewage, e.g. in Kotka,
Salo, Rauma, Pietarsaari and Kemi. Ät the end of the
period there were only two major population centres (Hamina
and Hanko) which stiil discharged a substantial amount
of untreated sewage to the sea.
3.3 Industrial discharges
The direct industrial discharges to the Finnish coastal
waters were calculated using the Data Bank of the Indus
trial Water Pollution Control kept by the National Board
of Waters and Environment. The data in the register are
obtained from the annual reports made by the factories
under the supervision of the water authority.
3.3.1 Nutrients and organic matter
During the years 19791983 the wastes discharged by
industrial plants to the coastal waters contained about
270 t a of phosphorus and 2 700 t a 1 of nitrogen
(Table 8). The mean biological oxygen consumption (30D7)
of the discharged effluents was 82 000 t a, tlius being
eight times as great as the corresponding load from
municipal sewage.
Äbout half of the total industrial load was discharged
to the Bothnian Bay by the wood processing industry in
Kemi, Oulu and Pietarsaari (Fig. 3). Forest industrial
plants also exist on the coast of the Bothnian Sea (Pori,
Kaskinen and Rauma) and the eastern part of the Gulf of
Finland in Kotka and Hamina, The contribution of the
wood processing industry to the total industrial loading
of organic matter, phosphorus and nitrogen was high; in
1982 it was 96, 84 and 34 per cent, respeetively. The
industrial load of suspended solids was also mainly caused
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Fig. 3. The location of major industries along the
Finnish coast.
Putp or poper mitt
Mining indusfry
FertiLizer ptant
Metat industry
Oit refinery
Chemicat hidustry
Food processing ptant
Fish farming
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Table 8. The industrial discharges of nutrients and organio matter
(B007) to the Finnish coastal waters during 1979-1983 (Data Bank
of Industrial Water Pollution Control)1
Variable/ Discharges (t a)
Sea area
1979 1980 1981 1982 1983 x
Phosphorus
Gulf of Finland 56 40 31 33 39 40
Ärchipelago Sea1 4.5 4.9 4.6 5.0 6.0 5.0
Bothnian Sea2 86 110 100 96 93 97
Bothnian Bay 120 130 120 120 130 130
Tota132 260 290 260 250 270 270
Nitrogen
Gulf of Finland 480 490 580 390 340 460
Ärchipelago Sea 130 160 170 160 190 160
Bothnian Sea 310 380 370 360 330 350
Bothnian Bay 1 800 1 700 2 000 1 700 1 500 1 700
Tota12 2 700 2 800 3 100 2 600 2 400 2 700
30D7
Gulf of Finland 30 000 25 000 20 000 16 000 15 000 21 000
Archipelago Sea 700 1 400 670 540 460 750
Bothnian Sea 18 000 18 000 17 000 17 000 15 000 17 000
Bothnian Bay 44 000 46 000 48 000 38 000 40 000 43 000
Total 92 000 90 000 86 000 71 000 71 000 82 000
The discharges from fisli farming are excluded due to the shortage
of data, The load was 54 t of P and 530 t of N in 1982, the
Ärchipelago Sea receiving 33 t of P and 270 t of N (Turku Water
District 1984, Halonen 1985),
2)
fl addition, large amounts of phosphorus are leached to the
sea from a waste deposit by the fertilizer factory in Uusikaupunki.
The loading has been estimated at 50 t in 1982 and 20 t in 1983
(Turku Water District 1984).
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by the effluents of the wood processing industry, which
accounted for 79 per cent of the total load in 1982 (Table
9),
Besides the forest industrial plants, there were some
other factories which discharged significant amounts of
nutrients to the coastal waters. A metal plant in Kokkola
discharged about 1 000 t a of nitrogen to the southern
Bothnian Bay. Notable amounts of phosphorus were leached
from the gypsum waste deposit of a fertilizer plant in
Uusikaupunki on the southern Bothnian Sea, This phos
phorus load was at its mazimum during the years 1979-1980,
when 300-500 kg P d were leached into the sea (Äntta
lainen 1982). In 1982 the load was 50 t a and in 1983
20 t a (Turku Water District 1984).
Fish farming increased rapidly in certain coastal areas
during the early 1980s (Fig, 3). In 1982 the loading
was about 54 tona of phosphorus and 530 tons of nitrogen.
Compared with the total loading, the contribution from
fish farming was significant only in the Ärchipelago Sea
(Halonen 1985). During the summer of 1982 it accounted
for about 40 per cent of the total phosphorus and 20 %
of the total nitrogen discharged to this sea area (Turku
Water District 1984).
The industrial discharges of nutrients and organic matter
to the coastal waters were greatest in the late 1960s
and the early 1970s. During the first half of the 1970s
the loading decreased. In addition to water protection
measures, this was due to the economic recession, which
strongly affected the forest industry. During the late
1970s, production increased and, despite the water pro
teotion measures, the industrial loading also somewhat
increased (Haverinen and Vuoristo 1978, Vuoristo 1980,
Enckell-Sarkola et al. 1984, Table 8). The loading
imposed on the Gulf of Finland, however, remained at a
relatively constant level after the mid 1970s, and as
regards nutrients the loading even decreased.
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Table 9. The industrial discharges of metais. other harmful substances and suspended
solids (t a ) to the Finnish coastal waters in 1982 (Data Bank of Industrial Water
Pollution Control).
Substance Gulf of Finland Archipelago Sea Bothnian Sea Bothnian Bay Total
lii 32 6.6
- 93 130
Phenols 1.1 0.27
-
— 1.3
Ti
-
— 3000 3000
V
- 0.01 230
— 230
Cr
- 0.06 19 0.96 20
Mn
-
- 710
- 710
Fe 90 130 21 000 930 23 000
Ni 0.28 0.11 8.5 24 33
Co
-
— 6.8 28 35
Cu 0.22 1.4 10 3.5 16
Zn
- 2.0 150 58 210
As
-
- 0.04 1.0 1.0
Cd
- 0.02 0.13 0.15
Sn 0.29
-
-
- 0.29
Sb
-
— 2.9
— 2.9
Hg
-
- 0.01 0.05 0.06
Pb
- 0.40 2.5
— 2.9
Cyanide 0.10 0.05
- 3.3 3.5
F
- 32 810 37 880
Suspended 7 100 490 11 000 18 000 36 000
solids
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During 1979-1983 the industrial phosphorus discharges to
the Bothnian Bay were higher than in the mid 1970s. The
same appiies to the nitrogen ioading of the whole Gulf
of Bothnia and, due to the disoharges from the waste
deposit in Uusikaupunki, also to the phosphorus loading
of the Bothnian Sea, Due to the fish farming, the in
dustrial nutrient loading of the Ärchipelago Sea began
to increase strongly in the beginning of the 1980s,
During the years 1979-1983 the industrial phosphorus and
organic matter discharged to the Gulf of Finland clearly
decreased (Table 8), This was due to ehanges in the
technical processes and to water pollution control measures
at the pulp and paper milis in the vicinity of Kotka.
In ali the other sea areas the industrial loading remained
relatively unchanged.
3.3.2 Harmful substances
The harmful substances received by the coastal waters
mainiy enter the sea in industrial effluents, atmospheric
faliout, storm waters and municipal waste waters. However,
accurate data are available only for the industrial
discharges (Table 9), The data presented in this report
are from 1982, if not stated otherwise.
The most significant singie plant was a titanium dioxide
pigment faotory near Pori in Mäntyluoto. Despite the
marked decrease in the ioading during the 1970s (Häkkilä
1983), in 1982 the discharges were stiil 21 000 t
of iron, 3 000 t a 1 of titanium, 230 t a1 of vana
dinium, 150 t a of zinc, 19 t a of ohromium, 6.6 t
of copper and 2.5 t a of lead. In addition, the
effiuents contained considerable amounts of sulphuric
acid and other heavy metais (e.g. Co, Mn, Ni, Sb, Hg).
Substantial amounts of metais were discharged to the
Bothnian Bay from a zinc and cobalt plant in Kokkola.
However, the diseharges of iron (700 t a’), zinc (48 t
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a), cobalt (28 t a’), nickel (24 t a), copper (3.5
t a), arsenic (1.0 t a), and cadmium (13 kg a)
from this factory have decreased since the 1970s (Enckell
Sarkola et al. 1984, Table 9). Ä strong decrease in the
mercury ioad has taken place in the regions (Oulu, Kokkola,
Kotka, the Kokemäenjoki and Kymijoki estuaries) receiving
large amounts of mercury in the early 1970s.
The coastal waters off Tornio on the northern Bothnian
Bay received 5 t a of zinc and 0.8 t a of chromium
from a ferrochromium and steel factory. The steel works
at Raahe discharged 140 t a’ of iron and 4.5 t a of
zinc.
The industrial metal load received by the Gulf of Finland
and the Ärchipelago Sea was relatively smaii compared
with that imposed on the other sea areas. The most
significant plants were a steel works in Taalintehdas
(1.4 t Cu a, 1.2 t Zn a and 0.4 t Pb a) and an
iron smelter in Koverhar (90 t Fe a).
011 was discharged from an iron smelter in Raahe (93
t a). Smaller amounts were received from eg. oil
refineries in Porvoo (12 t a) and Naantali (4 t
The oil and phenol discharges from the oil refinery in
Naantali decreased during the 1970s and during the eariy
1980s (Enchell-Sarkola et al 1984, Table 9), as did aiso
the oil discharges from Porvoo (Taisi 1987). The phenoi
discharges from the oil refinery in Porvoo (0.8 t a)
composed over half of the total industrial phenol
loading in 1982.
Most of the discharged cyanide (3.3 t a) came from a
steei plant in Tornio. The industriai fiuorine discharges
mainly originated from the fertilizer piants, particulariy
—lthe plant in Uusikaupunki (810 t a ).
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3.4 Total loading from the land
During 1979-1983, the Finnish coastal waters received
5 100 t a’ of total phosphorus, 80 000 t a of total
nitrogen and 340 000 t a of organic matter as BOD7
(Table 10). The most loaded areas were the waters off
Kemi and Oulu in the NE Bothnian Bay, the middle part of
the Bothnian Sea off Pori and the waters off Kotka
Hamina in the Gulf of Finland (Tables 5 and 11), Rivers
were responsible for 86, 88 and 73 * of the discharges of
phosphorus, nitrogen and organic matter, respectively.
The proportion of the direct loading (industrial and
municipal) was greatest in the Ärchipelago Sea and the
Gulf of Finland, and smallest in the Bothnian Bay. In
ail the sea areas, however, except the Arehipelago Sea,
the wood processing industry was an important source of
organio matter, contributing about one guarter of the
total input of BOD, Naturally, a great part of the
substances carried by the rivers was of anthropogenic
origin. This is the case especially in southern Finland,
where the major part of the population lives and which
is also fairly intensively cultivated.
Älthough rivers are the main source of loading on an
annual soale, there are several coastal regions where
the river load is equalled or exceeded by direct municipal
or industrial discharges, especially during winter and
summer, when the river flow is generally small,
If only the late summer season is examined, rivers are
generally found to contribute the main part of the nutrient
input to the coastal waters of the Bothnian Bay, to the
middle part of the Bothnian Sea, to the Ärchipelago Sea
and to the Gulf of Finland, exeept the Helsinki-Espoo
area (Pitkänen et al. 1986a), During 1979-1983 the
nutrient loading by rivers was equalled or exceeded by
the industrial and municipal discharges from Raahe, Kokkola
and Pietarsaari in the Bothnian Bay, from Vaasa, Kaskinen,
Rauma and Uusikaupunki in the Bothnian Sea, from Turku
and Salo in the Ärchipelago Sea, and from Hanko and
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1)Table 10. The total load of nutrients and organic matter (300) received by the Finnish coastal
waters in 1979-1983 and the proportions of the different loading sources.
Sea area Source of Discharges of Discharges of Discharges of
1)loading Phosphorus Nitrogen 300
-1
-1
-1te (%) ta (%) te (¾)
Bothnian Bay Rivers 2 300 ( 92) 36 000 ( 93) 150 000 ( 77)
Industry 130 ( 5) 1 700 ( 4) 43 000 ( 22)
Sewer syatems 67 ( 3) 1 000 ( 3) 2 300 f 1)
Total 2 500 (100) 39 000 (100) 200 000 (100)
Bothnian Sea Rivers
2) 940 f 83) 15 000 ( 94) 42 000 f 69)
Industry 150 ( 13) 350 ( 2) 17 000 ( 28)
Sewer systems 42 ( 4) 650 ( 4) 1 700 ( 3)
Total 1 100 (100) 16 000 (100) 61 000 (100)
Archipelago Saa Rivers 360 ( 81) 4 300 ( 75) 7 200 ( 76)
Industry 35 ( 8) 460 ( 6) 800 ( 8)
Sewer systems 51 ( 11) 1 100 ( 19) 1 500 ( 16)
Total 450 (100) 5 800 (100) 9 500 (100)
Gulf of Finland Rivers 750 ( 78) 15 000 ( 78) 47 000 ( 64)
Industry 40 ( 4) 460 ( 3) 21 000 ( 29)
Sewer systems 180 ( 18) 3 700 ( 19) 5 000 ( 7)
Total 980 (100) 19 000 (100) 73 000 (100)
Total Rivers 4 400 ( 86) 70 000 ( 88) 250 000 ( 73)
Industrial 360 ( 7) 3 000 ( 4) 82 000 ( 24)
Sewer systeas 340 ( 7) 6 500 ( 8) 10 000 ( 3)
Total 5 100 (100) 80 000 (100) 340 000 (100)
1) The river loads of 300 hava been calculated on the basis of the 300 and C00 loads presented
by Wartiovaara (1978)
-l2) The load from the waste deposit in Uusikaupunki is estimated at 50 t a
-l
—13) The load from fish farming is estimated at 30 t a of P and 300 t a of N
37
Table 11. The discharges or phosphorus, nitrogen and organic matter from municipal and industrial
sources to Finnish coatal ustere during 1979-1983 (National Board of Waters 1980, 1981b, 1982a,
1984a,b, Data Bank of Induatrial Water Poilution Control, Pitkänen et al. 1986). Small sources of
loading are not presented individually but included in the total values.
1) 1)
Coastal region Dischargesf phosphorus Discharges
of
nitrogen Discharges of organic
(t a ) (t a ) matter (BOD t 02 a )
Municipal Industrial Sum Nunicipal Induatrial Sum Municipal Industrial Sum
Tornio 5.9 0.2 6.1 51 77 130 55 11 130
Kemi 19 54 73 110 280 380 460 19 000 20 000
Oulu 25 28 53 510 150 660 1 100 15 000 16 000
Raahe 3.5 2.0 5,5 69 28 97 63 12 75
Kokkola
2
2.1 7.6 9.7 110 1 100 1 200 260 13 280
Pietarsaari 8.1 32 40 110 140 240 240 8 600 8 800
Bothnian Bay 67 130 200 1 000 1 700 2 700 2 300 43 000 45 000
Vaasa 18 2.5 20 190 13 200 320 160 470
Kaskinen 5.0 47 52 25 160 190 120 3 700 3 800
Pori 12 13 25 300 56 360 1 000 3 800 4 800
Rauma 4.7 254) 304 75 91 170 91 9 400 9 500
Uusikaupunki 1.2 10 11 59 29 88 97 1 98
Bothnian Sea 42 97 140 650 350 1 000 1 700 17 000 19 000
Turku and neigh
bouring towns 29 2.2 32 900 110 1000 1 200 340 1 300
Salo 14 0,2 14 92 6 98 130 220 350
Hanko 0.0 0,0 0.0 0 31 31 0 59 59
Archipelago
Sea 51 5.0 56 1 100 160 1 200 1 500 750 2 200
Hanko 9.9 0.0 9.9 66 0 66 240 0 240
Tammisaari 4.1 1.2 5.3 52 11 63 61 1 62
Helsinki-Espoo 120 0.0 120 3 100 1 3 100 3 500 2 3 500
Porvoo 6.2 5.6 12 120 210 330 150 240 390
Loviisa 1.8 0.0 1.8 46 2 48 59 2 61
Kotka-Hamina 35 31 66 260 220 480 690 20 000 21 000
Gulf of Finland 180 40 220 3 700 460 4 200 5 000 21 200 26 000
Total direct load
from the coast 340 270 610 6 500 2 700 9 200 10 000 82 000 92 000
1)
The discharges from fish farming are excluded due to insufficient data, In 1962 the load was 54 t of
2) phosphorus and 530 t of nitrogen (Halonen 1965)
Includes loading from the town of Uusikaarlepyy
Includes loading from the town of Kristiinankaupunki
In addition large amounts of phosphorus are leached to the sea from a waste heap by the fertilizer
factory. The loading was 50 t iii 1982 and 20 t in 1983 (Turku Water District 1964)
5)
The additional load from fish farming in 1982 was 33 t of P and 270 t of N (Halonen 1985)
6)
The Province of Äland is excluded
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Helsinki-Espoo in the Gulf of FinlancL Substantial amounts
of nutrients were released from the industries and sewage
systems of Kemi and Oulu in the NE Bothnian Bay and Kotka
Hamina in the eastern Gulf of Fin1and These disoharges
were, however, clearly exceeded by the discharges from
local rivers.
Äs regards organic matter, the proportion discharged
directly to the coastal waters was two-fold the corre
sponding proportion of nutrients. Substantial direct
loads (> 1 000 t a B007) were received by the Bothnian
Bay £rom the regions of Kemi, Oulu and Pietarsaari, by
the Bothnlan Sea from Vaasa, Kaskinen, Pori and Rauma,
by the Ärchipelago Sea from Turku and by the Gulf of
Finland from Helsinki-Espoo and Kotka-Hamina (Table 11).
On a local scale, there were also some other regions
with a substantial direct input of BOD,
Rivers contribute the main part of the heavy metal input
to the coastal waters Ä considerable part of these
heavy metais, however, is bound to particulate matter
(e.g Linnik and Nabivanete 1984), while the industrial
discharges often enter the coastal waters in soluble
form. Tlius the effects of the inputs from the different
sources on the coastal water eeosystems are not entirely
comparable with each other. The river load can also be
largely in a soluble form if the pH of the water is low
enough, as in the lower course of the Kyrönjoki, which
receives acid, metal-containing waters from sulphate
basins, Metais are rapidly precipitated in the coastal
waters when the pH increases as a resuit of mixing with
brackish water (eg Älasaarela 1981, Heikkilä 1987)
The Kokemäenjoki, discharging into the middle of the
Bothnian Sea, off Pori, clearly carried the largest
individual load, a significant part of which was of
anthropogenic origin (Isotalo 1979, Oravainen 1982),
Heavy metal sources, quantitatively comparable to local
rivers, were the pigment industry at Mäntyluoto off Pori
and the metal industries at Kokkola, Raahe and Taalin
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tehdas. The waters off Pori thus received a considerable
proportion of the total heavy metal loading from the land.
The average decrease in the direct diseharge of nutriente,
particularly phosphorus, and organic matter in 1970-1983
was the opposite to the trend in the river loading. It
is, however, evident that the total loading of phosphorus
and organic matter during 1979-1983 was at a lower level
than in the late 1960s - early 1970s. The total loading
of nitrogen, on the other hand, has probably increased,
in particular because the atmospheric loading has increased
as well as the river loading.
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4 CHEMICAL QUÄLITY OF THE COASTAL WÄTERS
4.1 Material and methods
To obtain an overail picture of the spatial and temporal
variation of the chemical quality of the Finnish coastal
waters, data from 350 sampling stations were processed
statistically (Fig. 4). The bulk of the material orig
inated from the monitoring performed by the National
Board of Waters (c. 90 stations). Ädditional data were
obtained from local pollution surveillance projects
supervised by the Board (c, 240 stations) and from open
sea monitoring carried out by the Finnish Institute of
Marine Researcli (c. 30 stations).
The results presented in this report have partly been
published earlier by Pitkänen et al. (1985, 1986a).
Of the different guality variabies (see section 2.2),
the material available for salinity, oxygen, total phos
phorus (TP) and total nitrogen (TN) may be considered
representative of the different areas, The material for
inorganic nitrogen (N03-N, NH4-N) and inorganic phosphorus
(P04-P) was also satisfactory, although deficiencies
existed, especially in respect of the Bothnian Sea and
the Ärchipelago Sea.
Results are presented for winter (February—March) and
late summer f3uly-September), because of the spatial and
temporal stability of the water quality during these
seasons. The surface water layer (0-2 m, 0-10 m in the
open sea) and the layer adjoining the bottom were chosen
because these two layers give the best indication of the
state of a coastal water area. Moreover, the innermost
parts of the coastal waters are usually SO shallow that
the state of the whole water mass is satisfactorily
described with these two layers.
The spatial distribution of the variabies is presented
with isopleths of the mean values (1979-1983) for winter
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Fig. 4. The study area and sampling stations.
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and late summer. In areas where data were missing or the
station network was sparse, a broken line has been used
to indicate the approximate location of the isopleths.
In order to describe temporal changes in the water quality,
linear regression analysis of the data (1970-1983) was
performed. Changes at the confidence level of 95 $ or
more were regarded as reliable trends. Sufficient data
were available for salinity, oxygen, TP and TN both in
most of the loaded coastal waters and in the outer coastal
waters.
4.2 Spatial pattern of water quality in 1979-1983
4.2.1 Salinity
Open sea, The mean surface salinity was highest in the
outer Archipelago Sea and the entrance to the Gulf of
Finland (6.8-6.9 0/00 in summer and 6.5-6.8 0/00 in winter,
Figs. 5 and 6). The values decreased with the increasing
proportion of river water towards the NE Bothnian Bay
(<3 0/00) and the easternmost Finnish waters of the Gulf
Finland (4-5 0/00) The values are slightly higher than
the long-term meane of Pietikäinen et al. (1978) and
Perttilä et al. (1980). Äccording to Nehring (1985),
the surface salinities of the Baltic Proper began to
decrease during the late 1970s.
Coastal waters. The salinity gradient from the open sea
to the river mouths was especially pronounced at the
surface during winter (cf. Niemi 1973, Älasaarela 1979a).
Ät that time almost pure fresh water, lying just beiow
the ice cover, extended over large areas, particularly
in the NE Bothnian Bay and off the estuaries of the
Kokemäenjoki and Kymijoki. The waters in which the mean
surface salinity was iess than 1.0 0/00 had a total
of about 2 500 km2 and extended along about 25 % of the
coastline. Lower salinities than in the open sea were
observed nearly ali round the coast and clear vertical
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Fig. 5. Mean surface values for salinity in winters
1979-1983 (Pitkänen et al. 1986a).
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Fig. 6. Mean surface values for salinity in summers
1979-1983 (Pitkänen et al. 1986a).
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salinity stratifioation existed in these areas.
During summer only the water areas 0ff the estuaries of
the largest rivers and the innermost parts of the archi
pelagoes were directly affected by river waters. Marked
salinity stratification occurred in these same areas.
In the easternmost Finnish waters of the Gulf of Finland
salinity stratification existed also outside the sphere
of influence of the Kymijoki, due to the strong freshwater
input at the head of the Gulf by the River Neva (cf.
Finnish Soviet Working Group 1984),
4.2.2 Phosphorus
Winter
Open sea. The surface concentrations of total phosphorus
(TP) averaged 6-8 mg in the Bothnian Bay, 11-13 mg
in the Bothnian Sea, 22-23 mg in the outer Arehi
pelago Sea and 25-53 mg in the Gulf of Finland
(Fig. 7). Usually 50-70 % of the phosphorus was in
inorganic form. The distributions of TP and P04-P were
very similar to each other (cf. Pietikäinen et al. 197$,
Perttilä et al. 1980).
Coastal waters, The surface concentrations usually
increased towards the coastline, being 20-40 mg over
extensive areas. Most of the phosphorus was in the form
of inorganic phosphate, In the strongly loaded inner
bays by Uusikaupunki, Salo, Helsinki and Porvoo, mean TP
concentrations of over 100 mg were recorded.
Extensive areas with elevated surface concentrations
were recorded in the NE Bothnian Bay, the archipelago of
the Quark, the Kokemäenjoki estuary and the inner Ärchi
pelago Sea. 0ff the estuary of the Kymijoki, an area of
about 1 000 km2 was affected by phosphorus-poor river
water, and there the concentration decreased towards the
coast. In general the relative difference between the
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Fig. 7. Mean surface values for total phosphorus in
winters 1979-1983 (Pitkänen et al. 1986a).
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concentrations in the coastal waters and the open sea was
smaller in the Gulf of Finland than in the Gulf of Both
nia. This is due to the high open sea concentrations in
the former, which are due to the hydrography of thxs sea
area (Buch 1932, Voipio 1973a), and also to the heavy
loading, in especially the eastern part of the Gulf
(Finnish-$oviet Working Group 1984)
Near the bottom, the concentrations were usually at the
same level as in the surface. The values were generally
smaller than the surfaee values, however, especially
in the Gulf of Bothnia, due to the spreading of nutrient
rich river and waste waters at the surface below the
ice. 0ff the Kymijoki estuary, the concentrations in
creased from the surface to the bottom, because the water
of the Kymijoki is very poor in phosphorus during the
winter (Kettunen & Lempinen 1983, Pitkänen et al. 1986b).
Late summer
Open sea, The mean surface concentrations of TP were 6-
7 mg in the Bothnian Bay, 8-9 mg in the Bothnian
Sea, 12-13 mg in the outer Ärchipelago Sea and 13-17
mg in the Gulf of Finland (Fig. 8). The values were
thus lower than the winter level, except in the Bothnian
Bay, due to uptake by algae and subsequent sedimentation,
especially during the vernal peak of productivity. The
surface values of phosphate-phosphorus were near to zero
in ail the open sea areas.
Coastal waters. The mean TP values of the surface layer
usually ranged from 10 to 40 mg m3. Äs in the open
sea, the values were usually lower than in winter, due
to the sedimentation processes. The values of P04-?
were near to zero, except in the close vicinity of loading
sources.
In the estuaries of the Rivers Oulujoki, Kokemäenjoki,
Karjaanjoki and Kymijoki, higher TP concentrations were
48
Fig. 8. Mean surface values for total phosphorus in
summers 1979-1983 (Pitkänen et al. 1986a).
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recorded than in winter. This can be explained not only
by greater leaching of phosphorus into rivers during
summer, but probably also by the regulation of lakes in
the drainage basins. The areas in which the TP concen
trations were e1vated compared with the open sea, were
the same as in wnter, but also included the waters off
Helsink.L-Espoo and Kymijoki-Kotka-Hamina on the southern
coast
The bottom-layer concentrations of TP were higher than
the surface values, except in the coastal waters of the
central and northern Bothnian Bay (Fig. 9). Especially
high mean values were calculated for the eastern Gulf of
Finland f 50-100 mc m3 ). The bottom values are increased
by input from th surface iayer and also from the bottom
sediment (Ni mi 1973, 1975, ä11fors et al. 1983, Reko
lainen 1982, Ekholm 1986), In the ope parts of the
coastal waters st sng currents prevent permanent sedimen
tation (Håkanson et al. 1984).
Äccumulation of nutrients in the deeper water is also
promoted by temperature or salinity stratification, or
both, as in the eastern Gulf of Finland. The effect of
the strong densty stratification is very pronounced in
this area an as a resuit, the lowest mean values of
tne D0tt0 idyers are obtained for the unloaded inner
parts, where tii€. wter origiiates from the surfaoe layer
of the open sea. The stratification conditions in a
coastal water area may vary greatly from year to year,
which is reflected in the chemical guality of the waters
near the bottom.
4.2.3 Nitrogen
Winter
Open sea. The mean surface level of total nitrogen (TN)
was 260-300 mg m3 in the Bothnian Bay and the Bothnian
Sea, 310-330 mg m3 in the outer Ärchipelago Sea and
50
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Fig. 9. Mean bottom layer values for total phosphorusin summers 1979-1983
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Open sea. The late summer surface level of TN was 200-
-270 mg m3 in the Bothnian Bay, 230-250 mg m3 in the
Bothnian Sea, around 300 mg m3 in the Ärchipelago Sea
and 290-320 mg in the Gulf of Finland (Fig. 12).
The values were lower than in winter, especially in the
Ärchipelago Sea and the Gulf of Finland. The concentra
tions of inorganic nitrogen were near to zero, except in
the Bothnian Bay, where mean values of 20-60 mg N m3
were recorded (Fig. 13). In this sea area phosphorus is
obviously the limiting factor for primary production
350-450 mg in the Gulf of Finland (Fig. 10). About
30 % of the nitrogen was in inorganic form, except in
the Bothnian Sea, where the proportion was only 15-20 %
(Fig. 11).
Coastal waters. In the coastal surface waters the TN
concentrations generally ranged from 300 to 600 mg m3.
Greater values were observed in the estuaries of most
of the coastal (i.e. small) rivers and the River Koke
mäenjoki, where mean values of 800-2 000 mg m3 were
obtained. The areas with extensively elevated concentra
tions were the same as in the case of winter phosphorus.
0ff the mouth of the Kymijoki, the concentration increased
slightly towards the coast.
Inorganic nitrogen usually accounted for 50-80 % of TN.
In the NE Bothnian Bay, however, only 20-50 % of TN was
in inorganic form.
Near the bottom the concentrations of both total and
inorganic nitrogen were clearly smaller than at the
surface, due to the spreading of river and waste waters
below the ice. The mean value of 500 mg m3 for total
nitrogen was exceeded only at the innermost stations of
the loaded coastal waters. Usually less than one-third
of the nitrogen was in inorganic form.
Late summer
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Fig. 11. Mean surface values for inorgnic nitrogen in
winters 1979-1983 (Pitkänen et al. 1985).
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Fig. 12. Mean surface values for total nitrogen in summers
1979-1983 (Pitkänen et 81. 1986a).
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Fig. 13. Mean surface values for inorganic nitrogen in
summers 1g79-1983 (Pitkänen et al. 1985).
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during thö late suamer (Nieai 1979, kflsa8rela 1980t,
Pönaelius 1986, see subsection 4.2.4).
Cafltai witets. ‘The åreäs with öiavated cöhcenttatiofis
were muoh sinal1cr than iii winter. The sean sutfabc ]etel
ot tt’t vatiad betwedh 5Ö ana Ö0 mg in ettehäive
areas in the NE Eothnian Bay, off Kokkola-Pietarsaari,
ött the dbuthe bf the KpbnjOki dnd Itokömäenjoki, iti the
ie roitip,laso. Sea and. in moet parts of the coastal
wflatö ät 4he @at of flftiänd. the maan conaentration
reaohed 1 000 mg in the estuaries of the Kyrönjoki,
tdkaajbki, bekeiahjcki, Vaataa jöki.
The uuttabc ebheaAttKtiÖna 61 in6tahib ntttogan ueuafly
ezoeeded the level of 10 mg in the loaded areas
(Lt. flb bft kelbiNtiaflpca and in the saatan Gulf
0± Finland eztensive areas had increased doncentrations,
which suflests thtt priaar pnduøtiön te at tiaas liaitad
some other 1aotor than nitrogen.
xi the toästSl w&tets 01 the Sothnlan Bay inorganic
nitrogen averaged 30-100 mg in the surfaae watera
xii ptaöes the löval waa löwet tilan iii the opan sea, whiöh
indioated that the nutrient ratio ne more favburable
1bt ptiaty pröduotiefi iii the8ö anSa than in the open
sea (eec subsection 6.2.4).
In the outer coastal waters the bottcm-layer concentrations
bt ‘TN verO usually akight&w htgSt tilati the acnaaponding
surface values. Xii the inner cOastal nters, ooncentra
titia ol 300-500 ag van typtcalb Vakues over 500
mg n1 occuned only in the estuaries ot the Kyrönjoki
and kokamaenjoki eftd in the taner bafl 61 the krehipelago
Sea and the Gulf ot Finland. Xii conttast to the oase
of phosphorus, the Öonöentfltidn laveis ot the inner
wakers were lower near the bottcm than in the Surface
laflr.
In the layer adjoinung the bottom, the concehttatione of
uiiörØanic tittoen Were elevated over wider areas than
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those of total nitrogen. In the Gulf of Finland the
concentrations were clearly increased by the hydrographical
conditions. Mean values over 100 mg mg3 were observed
in small areas off Oulu, Kokkola, Uusikaupunki, in the
inner Ärchipelago Sea, off Helsinki-Espoo, Porvoo and
Loviisa and in extensive areas in the eastern Gulf of
Finland, i.e. in loaded areas having limited mixing
conditions, The concentrations are naturally also closely
dependent on the water depth, The NH4-N concentrations
were usacily be;ow 20-30 mg m , uut in tne areas mentioned
above. the concentrations exceeded 50 mg m The data
are insufficient, however, for fuily reiiable mapping.
4.2.4 Inorganic N:P ratio
Open sea. In the surface waters the wintertime ratio of
inorganic nitrogen to phosphorus varied widely (Fig. 14).
The ratio of the concentrations was 20-50 in the Bothnian
Bay, 6-10 in the Bothnian Sea, about 5 in the outer
Archipelago Sea and 4-6 in the Gulf of Finland. If a
weight ratio of 6-9 is considered optimum for primary
producers (Redfield et al. 1963, Sen Gupta & Koroleff
1973, Voipio 1973b), phosphorus was clearly the limiting
factor for vernal primary produotion in the Bothnian Bay
including the Qu3rk area. In the Eothnian Sea the ratio
was near the optimum; .in the outer Ärchipelago Sea N was
limiting rather than P, and in the Gulf of Finland N was
limiting. The N/P ratios presented here are somewhat
greater than those published by Niemi (1979) for the
mid 1970s.
Coastal waters. The inorganic N/P ratio usually increased
from the open sea towards the coastal waters, where ratios
from 10 to 30 were general. In the Bothnian Bay, however,
the ratio u;uaily decreased towards the ooast (see sub
section 4.%.3. The hiqh coastal water ratios were
connected with high N/P ratios in the rivers emptying
along the coasL (Tabie 5). Beiow the urface iayer,
where rhe water 4rom the open sa surface layer prevailed,
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Fig. 14. Mean surface values for ratio of inorganic
nitrogen to inorganio phosphorus in winters 1979-1983(Pitkänen et aL 1985)
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the inorganic N/P ratios were usually lower, but in the
coastal waters of the Bothnian Bay the ratios were higher
near the bottom than in the surface layer.
In late summer both inorganic N and P seemed to be present
in the surface layer of the loaded coastal waters, which
indicates that neither of these nutrients were limiting
for the primary produetion, The use of mean values,
however, can be somewhat misleading in this respect. It
seems that in the vicinity of the loading sources primary
produetion may be limited by factors sueh as lack of
light, inhibition by toxic waste waters or lack of some
micronutrient. The problems related to the storage and
analysis of inorganic nutrients at very low coneentrations
must also be kept in mmd, During September, primary
production in the outer coastal waters may be limited by
light or temperature as well (cf, Älasaarela 1980a, Niemi
1973, 1975, Hällfors et al. 1983, Rinne 1986).
4.2.5 Chlorophyll
Open sea, The mean values of chlorophyll a for the late
summer were 1-2 mg m in the Gulf of Bothnia, including
the outer Ärchipelago $ea, and 2-5 mg m in the Gulf of
Finland, increasing from west to east (Fig. 15). The
distribution roughly reflected that of total nutrients.
The chlorophyll level of the Bothnian Bay (1.5-2.4
mg m3) was, however, higher than could be expected from
its low phosphorus concentrations. Lassig et al.
(197$) and Älasaarela (1979c,d) have presented somewhat
lower values for the open Bothnian Bay. Älthough the
level of annual primary production is clearly higher in
the Bothnian $ea than in the Bothnian Bay, the differences
in the chlorophyll concentrations between these two sea
areas seem to be small during the late summer.
Coastal waters. The mean values were usually clearly
higher than in the open sea, rising to 5-10 mg m in
the inner coastal waters. Mean values greater than 10
60
Fig. 15. Mean surface values for chlorophyll a in summers
1979-1983 (Pitkänen et al. 1985).
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mg m were calculated for the enclosed estuaries of the
Kokemäenjoki, Uskelanjoki, Vantaa, Porvoonjoki and Kos
kenkylänjoki and off Tammisaari and Helsinki-Espoo.
The values of chlorophyll usually correlated well with
those of nutrients, and especiaily with the summertime
concentrations of total phosphorus. However, lower
chlorophyll concentrations than oould be expeeted from
the nutrient leveis were observed off Pietarsaari, Kas
kinen, Mäntyluoto (Pori) and Rauma. This was most proba
bly caused by the inhibitory effects of the effluents from
chemical plants and pulp and paper mills (Voipio and
Niemistö 1975, Häkkilä 1981, Taisi and Rekolainen 1982,
Jumppanen 1982, Aaltonen and Vertanen 1984).
In the eastern part of the Gulf of Finland the mean
concentrations were fairly evenly distributed. This is
at least partly due to the relatively high summertime
water flow of the Kymijoki, which rapidly dilutes the waste
waters discharged to its lower course and near its mouth.
For this reason, too, the inhibitory effects of indus
trial effluents are spatially limited (Partanen 1984).
In addition the strong fresh water input at the eastern
end of the Gulf of Finland causes vigorous mixing of the
nutrient-rich deep water with the surface water, which
evidently increases the productivity both in the open
sea and in the coastal waters.
4.2.6 Oxygen
Winter
Open sea. The mean surface level of oxygen saturation
varied from 90 % to 98 % (Fig. 16). In the eastern and
central parts of the Gulf of Finland the level was slightly
lower than in the other open sea areas.
Coastal waters, In the loaded coastal waters mean surface
concentrations of 60 % to 90 * saturation were general,
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Fig. 16, Mean surface values for oxygen saturation in
winters 1979-1983 (Pitkänen et al. 1985).
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due to the inputs of oxygen-consurning substances from
the land. Extensive areas with at least somewhat lowered
oxygen values prevailed in the NE Bothnian Bay, off
Kokkola-Pietarsaari, in the inner Ärchipelago Sea, off
Helsinki-Espoo, off Kotka-Hamina and off the estuaries
of the Kyrönjoki, Kokemäenjoki and Kymijoki. Strongly
reduced oxygen values (mean saturation level < 50 %)
were recorded off Pietarsaari, Vaasa, Salo, Hamina and
in the Kokemäenjoki estuary.
Usually, small but spatially extensive saturation deficits
were due to river discliarges containing waste waters,
whereas pronounced (> 50 %), but spatially fairly limited
deficits seemed to be due to discharges of industrial
and municipal waste waters.
In the waters near the bottom, the areas with a lowered
oxygen level were generally somewhat smaller than at the
surface. Mean percentages of less than 50 were recorded
only for the innermost waters of the towns of Kemi and
Salo. Usually the saturation percentages varied between
70 % and 90 %. In the eastern Gulf of Finland mean
values between 60 % and 80 $ prevailed, due to the limited
vertical mixing.
Summer
Open sea. The saturation percentages of the surface
waters varied from 100 to 110. Near the bottom, slightiy
reduced values (70-90 %) were recorded for the Bothnian
Sea and the outer Archipelago Sea (Fig. 17). In the
Gulf of Finland the values (20-40 %), were greatly reduced
due to the limited vertical mixing in the Gulf and in
the Baltic Proper (e.g. Fonselius 1969).
Coastal waters. The oxygen values in the bottom-layer
waters of the Gulf of Bothnia were generally over 90 %.
In the loaded waters saturation values from 80 to 90 %
occurred, but the level was lower in the estuary of the
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Fig. 17. Mean bottom layer values for oxygen saturationin summers 19791983,
7,
Ii
68ff
65
Kokemäenjoki (c. 70 %) and off Uusikaupunki (40-80 %).
The mean values were also low in the inner parts of the
Ärchipelago Sea (30-70 %).
In the coastal waters of the Gulf of Finland, the condi
tions differed widely from those in the Gulf of Bothnia,
due to the hydrographical differences In spite of the
loading from the coast, the oxygen conditions in the
Gulf of Finland were better in the coastal waters (50-90
%) than in the open sea (30-40 %). The highest values
were usually found near the bottom in the shallow waters
near the coastline, where the water originates from the
oxygen-rich surface water of the open sea. Vertical
mixing is also fairly vigorous in the open parts of these
waters Low oxygen values (< 50 %) were found only in the
enclosed estuaries of the Karjaanjoki and Kymijoki, in
the strongly eutrophicated innermost waters 0ff Hamina
and off Loviisa near a nuclear power plant (cf. Niemi
1978, Kettunen and Lempinen 1983, Ilus 1985).
4.3 Changes in the leveis of nutrients and oxygen during the
1970s and the early 1980s
In order to obtain a general picture of the changes in
the water guality since the early 1970s, linear regression
analysis was appiied to the data, with time as an inde
pendent variable. Statistically significant correlations
(P > 95 %) were considered to be evidence of ehanges.
The method is naturally very crude and indicates only
the most pronounced changes, because the variation in
the concentrations is great, especially in the inner
coastal waters, where loading, the geomorphology and
hydrographical changes make the water quality unstable
and sensitive to external disturbances.
Open sea. The nutrient levels have increased in the
surface waters in ali the open sea areas around Finland
since the late i960s (Table 12). The reasons for this
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Table 12. Trends of nutrients between the 1960s and 1983 or 1984 in the open sea areas
around Finland (material from representative stations of the Finnish Institute of Marine
Research, Pitkänen et.al. 1985). Increasing f+).. decreasing (—). no trend (0).
Sea area Surface isyer Layer above bottom
P0 -P tot-P NO -N tot-N P0 -P tot-P NO -N tot-N4 3 4 3
Bothnian Bay 0 + + + 0 0 + +
Bothnian Sea + + + + + +
Aland Sea + + + 0 + + + 0
Gulf of Finland + + + +
- - + +
Northern Baltic Proper + + 0 + +
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are hydrographical changes in the Baltic Proper (Fonselius
1969, Nehring 1981) and increased loading (Larsson et
al. 1983, Nehring 1985). The increase of nutrient con
centrations in the surface Iayer of the Baltic Praper
is also reflected in the surface layer of the Bothnian
Sea (Fonselius 1986).
Outer coastal waters. The quality of the outer coastal
waters evidently reflects changes in the open sea, although
it is usually also affected by the proximxty of the land
to some extent In the present data, the outer Archipelago
Sea and especially outlying stations of the Gulf of Finland
showed xncreasxng nutrient trends (Tables 13 and 14)
Increasxng salinities were observed in a few areas in
the water layer adjoining the bottom In spite of the
decrease in the direct loading, the input of nutrients
and organia matter has increased in many parts of the
coastal waters due to increased loading from rivers (see
subsection 3.1.3), and also due to increased atmospheric
input as regards nitrogen (aärvinen 1986).
Inner coastal waters. Near the coast the water quality
is affected by many factors the water of the open sea,
river and waste waters, mxxing conditions (geomorphology,
season, weather), exchange with the sediment and atmos
phere, and physical, chemioal and biologiaal processes in
the water Äs a result, the spatial and temporal variation
of the water guality is strong se compared with the open
sea. However, the conditions during winter and late summer
are usually more stable than during the other seasons,
and thus provide more reliable material for trend assess
ment.
The clearest changes were observed in those areas in
which the strongest changes in the input from the land
have taken place. Due to the improved treatment of
industrial and munioipal waste waters, the concentrations
of phosphorus have decreased during the past 10-15 years,
especially in the NE Bothnian Bay, off the mouths of the
Kokemaenjoki and Kymijoki and off the two largest popula
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Table 13. The wintertime trends (1970-1983) of salinity (5). total phosphorus (T?) and total nitrogen
2
(TN) concentrations and oxygen saturation level (02)
coastal waters.
jn the surface and near bottom layers of the
Sea area Coastal area Surface Bottom
S TP TN 0 5 TP TN 02 2
Tornio
*)
Kemi
*)
Oulu
Si1joki estuary
Raahe
Kokkola
Pietarsaari
Kyrönjoki estuery
Arehipelago Sea Turku-Naantali
Paimionjoki estuary
Salo
Outer archipelago
O
- -/0 0
O
- 0 0
0
- 0 0
— 0 0 0
0 0 0 0
O 0 0 0/-
O 0 0/- 0
0 0 0
- 0
-
0 0 0
0 0 +10 0/—
0 + + 0
Gulf of Finland Karjaanjoki estuary
mk00
Espoo
Helsinki
Porvoo
Loviisa
Kymijoki estuary
Hamina
Virojoki estuary
Haapasaari archipelago
0 0 0 0
0 0 0 0
O -/0
- 0
0 -/0 O/+ 0
0 + 01+ +
O 0 0 +
O
-
- +
0 0 0 0
0 0 0 0
0 0 + 0/—
O 0 + 0
0
-/0 +10
-
O
- 0 0
0 0 0 0
0/+ + 0 +/0
-1+ 0 0 0
0 0/+
— +
0 0/+ 0 0
O 0 0 0
O 0 0 0
+
- Statistically significant (95 %) trend
0 No trend
/ Separate symbols for inner/outer coastal water area
Bothnian Bay
Bothnian Sea
O 0/- 0 0
O 0/— 0 +/0
+
- 0 0
Vaasa
RönnskBr archipelago
Karvianjoki estuary
Kokemäenjoki estuary
Rauma
Uusikaupunki
0 0 0 0
0 0 0 +
+/0 0 0 0
0 0
- 0
+/0 0 - 0
0 0 0 0
0 0
O 0
- 0
O 0
O +/0
0 0 0 0
0
0
- /0
0
0
0
0
0
0
0
— /0
- /0
O 0
+ 0
O -/0
O 0
+ 0
O 0
- 0
O 0
0/+ 0
O 0
+
- 0 0
— 0 0 0
O 0 0 0
O 0 0 0
Data of the coastal uater area is incomplete
Table 14. The summertime trends (1970-1983) of
(TN) concentrations and oxygen saturation level
coastal waters.
Bothnian Bay Tornio
Kemi
lijoki estuary
Oulu
Siikajoki estuary
Raahe
Kokkola
Pietarsaari
Kyrönjoki estuary
*
)Rönnskr archipelago
Kaskinen
Karvianjoki estuary
Kokemäenjoki estuary
Rauma
Uusikaupunki
O 0 0
O
- 0
0
- 0
O
— 0
O 0 0
O -/0 0
O 0 0
O 0 0
- 0 0
O 0 0
0 0 0
+ 0 0
0 0 0
0 0 —
0
— +10
0 0 - 0
0 0 0 0
0
- 0 0
0 0 0
O 0
- 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0/— 0
O 0 0 0
O 0 0 +
0 0/+ 0/— 0
O —
- 0
0 0 0 0
Archipelago Sea Turku-Naantali
Paimionjoki estuary
Salo
*)
luter archipelago
0 0 0
0 0 0
0 0/— 0
0 0 0
+10 0/— +70 —/0
0 0 0 0
0 0 0 0/-
O 0 0 +
Gulf of Finland Hanko
Karjaanjoki estuary
Inkoo
Bay of Pikkala
Espoo
Helsinki
Porvoo
Loviisa
estuary
Hamina
Virojoki estuary
Haapasaari archipelago
0 0 0
0 0 0
+70 0 0
0 0
—/0
O
— -/0
0
—7+ +
O 0 -
0 0
0 0
O 0
0 0
O 0/+
0 0 0 0
0 0 —/0 0
+/0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
+ 07+ 0 0
O -/0 0 0
0 0 - 0
+ 07+ 0 0
0 0 0 0
— 0 0 +/0
+
- Statistically significant (95 %) trend
0 No trend
/ Separate symbols for inner/outer coastal water area
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salinity fS) total phosphorus (TP) and total nitrogen
(02) in the surface and near bottom iayers of the
Sea area Coastal area Surfaee Bottom
5 TP TN S TP TN 0
2
Bothnian Sea
*)
0
0
0
0
Data of the coastal water area is incomplete
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tion centres, the regione of Helsinki and Turku.
The decreaso of phosphorus concentrations in the NE
Bothnian Bay was evidently mainly due to the decrease in
the industrial loading. The municipal loading of phos
phorus also decreased during the period studied (Älasaarela
1979d, Taskila 1984b, Myllymaa & Riihimäki 1984, Lakka
1985a).
0ff Oulu the TN concentrations also decreased. The total
waste water load imposed on the area decreased by about
2 000 t a of N and 300 t a of P during the 1970s,
due to the improved treatment of waste waters (Myllymaa
& Riihimäki 1984). Ä decrease in the BOD loading from
the wood processing industry of about 1 000 t a was
not reflected by any statistically significant oxygen
trends, though an improvement did take place during the
1970s in the oxygen conditions. 0ff Kemi a decrease of
the BOD load from 40 000 t a in the early 1970s to
20 00 t a in 1979-1983 improved the wintertime oxygen
conditions (Taskila 1984b, Table 11).
0ff the town of Raahe the decreased direct loading of
phosphorus and organic matter (Riihimäki 1983) was re
flected in increased wintertime oxygen concentrations in
the bottom layer and decreased summertime TP concentrations
at the surface.
In the waters off Kokkola no pronounced changes took
place, although both the industrial (nitrogen) and munic
ipal (phosphorus and BOD) loading of this area decreased
(Jokinen 1978, Lakka 1985), In the innermost parts,
however, the oxygen levels improved (Lakka 1985), though
the change was not significant. The increased loading
from the River Perhonjoki (Table 5) probably counteracted
the other ehanges, and may liave caused the observed
decrease in the wintertime oxygen level in the surface
layer of the outer waters.
The decrease in the wintertime TN concentrations 0ff
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Pietarsaari can possibly be ascribed to hydrographical
factors, because no great ohanges have been observed in
the direct loading of this area sinee the early 1970s
(Jokinen 1978, Aaltonen and Vertanen 1984). The BOD
load from a pulp and paper factory decreased by about
7000 t a during the 1970s, but this was not reflected
very strongly in the oxygen conditions (cf, Jokinen 1978).
In the coastal waters of the Quark (Kyrönjoki estuary,
Vaasa archipelago, Rönnskär archipelago), no marked changes
took place in the water quality. Due to the increased
river transport (Kaijalainen and Lipkin 1984, Table 5),
the total loading of this area did not markedly deorease,
although the direct and indireet municipal loading de
creased (Kaijalainen and Liepkin 1984, Heikkilä 1987).
The decreasing trend in wintertime TN in the bottom-layer
water of the Kyrönjoki estuary was most probably caused
by the increased proportion of open sea water, poor in
nitrogen.
0ff Kaskinen by the Bothnian Sea, the water quality has
been fairly stable since the mid 1970s, i.e. since the
sulphate-cellulose plant came into use (cf. Langi 1984).
The guality of the waters near the coast deteriorated
when cellulose production was started (Rekolainen & Talsi
1982).
In the estuary of the Kokemäenjoki off Pori, the concen
trations of phosphorus decreased, due to the strong
decrease in the direet and river loading during the 1970s
(Isotalo & Häkkilä 1978, Oravainen 1985, Pitkänen 1986).
The load of oxygen-consuming substances also decreased and
as a result the wintertime oxygen concentrations increas
ed in the 1970s. However, the trends in the oxygen levels
in 1970-1983 were not significant, probably due to high
river input of organic matter in the early 1980s (Pitkänen
1986). In the outer coastal waters, an increase of
phosphorus and a decrease of nitrogen during summer were
found, These trends were evidently connected with hy
drographical changes, or with the increase in the back
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ground level as regards phosphorus (Table 12).
0ff Rauma the direct nutrient loading, mostly caused by
the pulp and paper industry, decreased by about 50 t a
of phosphorus and by about 80 t a1 of nitrogen after
1970 1972 (Jumppanen 1979, Table 11), This was reflected
in decreases in the TP and TN concentrations, especially
the leveis in late summer. The decrease in the wintertime
oxygen level in the surface layer was most probably caused
by variation in the hydrographical conditions, because
the BOD loading of the area has somewhat decreased since
the early 1970s (cf, Jumppanen 1986b) and the river input
to this area is negligible.
0ff Uusikaupunki a decreasing trend was evident in the
summertime leveis of phosphorus, due to decreased loading
from the fertilizer plant (see section 3.3). The load
was about 170 t a1 at the end of the 1960s (Isotalo &
Häkkilä 1978) and 10 t a during 1979
- 1983 (Table
11). However, in addition substantial amounts of phos
phorus have leached from the waste deposit of the plant,
especially in the late 1960s and in the early 1980s
(Änttalainen 1982). The increase of nitrogen in the
innermost surface waters may be connected with the in
creased river loading (Table 5). The direct nitrogen
discharges to the area have decreased by about 250 t
since the late 1960s (Jumppanen 1986b).
In the coastal waters off the Turku region, the wintertime
concentrations of phosphorus decreased, because the
direot loaäing dropped by 220 t a3 after the early 1970s,
due to improved treatment of the municipal waste waters
(cf. Jumppanen 1986b). On the other hand, the oxygen
concentration at the surface during winter and near the
bottom during summer tended to decrease, despite the
relatively strong decrease (2 000 t/a) in the BOD loading
(cf. Jumppanen 1986b, Table 11). During the 1970s,
however, the oxygen conditions improved (Jumppanen 1986b).
The decrease in the summertime oxygen concentration near
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the bottom was possibly connected with increased stability
caused by increased salinity in the lower water layers
(Table 14).
The increase in the wintertime nitrogen concentrations
off Salo was most probably connected with the high river
discharges during the early 1980s, because direct waste
water discharges decreased after the mid 1970s (Jumppanen
1986b). The deorease in the summertime oxygen level in
the outer parts of the archipelago may be connected with
hydrographical changes or increased productivity. The
TP concentrations seemed to decrease during same time in
the surface water (cf. Jumppanen 1986b).
0ff Helsinki-Espoo, the total phosphorus concentrations
decreased, due to the decreased municipal loading, the
magnitude of which dropped from about 450 t a during
the early 1970s (Pesonen and Rinne 1985) to 120 t a in
1979-1983 (Table 11), Since the mid 1970s the phosphorus
input from the River Vantaa has also decreased (Pitkänen
1987, Table 5), The decrease in the organic load did
not cause a dramatic improvement in the oxygen values.
The oxygen conditions of the coastal water area were
relatively good earlier as well, owing to the good water
exchange.
The total nitrogen values off Espoo have decreased, because
since the mid 1970s the purified waste waters of Espoo
and western Vantaa have been led out into the outer
archipelago. Probably partly for this reason, the con
centration in the outer waters off Helsinki have begun
to rise. The rise in the open sea concentrations has
presumably contributed to this effect as well.
In the coastal waters off Porvoo, the phosphorus concen
trations increased, although both the direct and river
loading decreased (Talsi 1987, Table 5). The deerease
in the summertime surface concentrations of total nitrogen,
however, reveal decreased load-ing. The inerease in
phosphorus, like the inorease in nitrogen in the outer
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waters in winter, is thus attributable to the general
increase of nutrients in the open waters of the Gulf of
Finland (Tabie 12). The improved oxygen conditions near
the bottom in winter are a consequence of the decrease
in the waste water load of organic matter from about
13 000 t a of BOD7 in the early 1970s to 390 t a1 in
1979-1983, caused by closure of a suiphite pulp mili
(cf. Taisi, 1987 Table 11).
0ff the Kymijoki-Kotka area, the concentrations of both
the nutrients studied decreased, chiefly due to the strong
decrease in the industriai and municipal loading received
indirectly via the Kymijoki (Kettunen & Lempinen 1983,
Tabie 5). The improvement of the wintertime oxygen
conditions had the aarne cause. By contrast, the increase
of wintertime TP in the outer surface waters was probably
connected with the corresponding increase in the open sea.
In the waters 0ff Harnina, the ioading conditions have
remained fairly steady since the early 1970s (Kettunen &
Lempinen 1983, Table 11). No great changes have taken
place in the water quality either, The increase of
wintertirne phosphorus in the outer coastal waters was
evidently caused by the general increase of nutrient
leveis in the Gulf of Finland (Tabie 12).
4.4 Concluding remarks
Äs regards the chernical substances essential to the
production and decomposition processes, it can be stated
that practically the whole coastal water area around
Finland differed in water quaiity frorn the open sea.
Even in the most siightiy loaded waters, sorne concentra
tion gradient usually existed between the open sea and the
coast.
However, both in the unloaded inner coastal waters
(i.e. archipelagoes and other shallow waters near the
coast) and in the outer coastal waters, the water quality
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was largely governed by the quality of the open sea and
thus by the general hydrography of the Baltic. The
proximity of the land was generally reflected in somewhat
increased nutrient and chlorophyll leveis and slightly
decreased salinity and oxygen leveis.
In the loaded inner coastal waters, the water quality
was largely determined by the guantity and guality of
the loading, the geomorpheiogical features of the coast
and the time of year. The guality of the open sea water
naturally became more important cc the distance from the
coast increases.
In winter, river and waste waters spread over large areas
below the ice, especially in the NE Bothnian Bay, the
Quark, the inner Ärchipelago Sea and off the estuaries
of the Kokemäenjoki and Kymijoki. Practicaily ali along
the coast, the surface salinity was lower than in the
open sea. During this season, the distributions of
nutrients were largely explained by the mixing conditions.
During the late summer, only the NE Bothnian Bay and
some of the :Lnnermost archipelagoes were directly affected
by river water The leveis of the total nutrients,
however, had increased, because permanent sedimentation
is rather limited in the shallow open parts of the coastal
waters and the nutrients are continuously re1enished
from the coast. Due to the production and sedimentation
processes, the concentrations of nutrients were usually
elevated in the waters near the bottom, while the con
centrations of inorganic nutrients in the surface layer
were low because of primary production, except in the
close vicinity of the loading sourees.
The magnitude of the loading was clearly reflected in
the distributions of the different variabies during the
two seasons studied. The mcm part of the loading was
discharged to the coastal waters of the NE Bothnian Bay
(four large rivers, wood processing industry, municipal
sewage), the mxddle coast of the Bothnian Sea (the Koke
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mäenjoki, wood processing industry, munioipal sewage)
and the eastern Gulf of Finland (the Kymijoki, wood
processing industry, municipal sewage). In ali these
areas the water quality differed widely from that of
unloaded and open sea waters.
The main part of the loading originated from rivers.
The loading is, however, in much more diluted form in
the river waters than in the waste waters. The river
waters greatly promote dilution and spreading of the
waste waters discharged to the estuaries or to the rivers
themselves. 0ff the Kokemäenjoki estuary very effective
mixing with the open sea water lirnited the area of in
creased concentrations, especially during summer.
The river inputs also largely determined the water quality
in the coastal waters of the middle and southern Bothnian
Bay (except off Raahe and Kokkola-Pietarsaari), in the
inner Ärchipelago Sea (except off Turku and Salo) and in
the coastal waters of the Gulf of Finland (except off
Hanko and Helsinki-Espoo). In the regions mentioned in
brackets, and also in Vaasa, Kaskinen, Rauma and Uusikau
punki, a large part of the waste load, comparable to the
river load at least during summer and winter, was dis
charged directly to the sea.
The chlorophyii concentration revealed increased eutrophy
in almoat ali the areas where the nutrient levels were
high. In certain enclosed inner bays, e.g. 0ff Salo,
Helsinki and Porvoo, the chiorophyli values indicated
very strong eutrophication. On the other hand, in waters
receiving effluents from the chemical or pulp and paper
industry, the mean leveis of chlorophyll were generaily
relatively low, despite increased nutrient concentrations
(Pietarsaari, Kaskinen, Mäntyluoto, Rauma), Direct or
indirect inhibition by the industrial waste waters was
the probable reason for this. In the areas where dilution
is rapid, i.e. off Kemi, Oulu, Pori (the Kokemäenjoki
estuary) and Kotka, possible inhibitory effects of the
industrial waste waters were not revealed by this kind
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of survey, which is based on mean values.
The oxygen saturation level of the coastal waters was
generally 10-20 * lower than in the open sea. Äreas
with strongly decreased values were small according to
the present material. In inner coastal waters receiving
effluents from the chemical or wood processing industry
(Kemi, Pietarsaari, Pori, Uusikaupunki, Rauma, Kotka-Ha—
mina) and in some inner bays receiving mainly municipal
waste waters anö/or eutrophic river waters (Vaasa, Raisio,
Salo, Porvoo), it seems that the organic iriput exceeded
the capacity for se1fpurifiction.
In the coastal waters cf the eastern Gulf of Finland,
the oxygen concentrations near the bottom were extensively
lowered during summer, when the loading from the land
and autochthonous organic matter consume the oxygen
reserves, and relatively strong density stratification
weakens vertical mixing and renewal of oxygen. In addition
large amounts of nutrients were stored in this water layer.
The concentrations of nutrients in the open sea around
Finland have increased since the beginning of the 1970s.
Ät the same time the loading from rivers has increased,
mostly due to ;ncreased water flow, but probably also to
some extent due to increased diffuse loading. The nitrogen
loading from the atmosphere has probably also increased.
On the other hand, direct municipal and industrial dis
charges, mainly of phosphorus and organic matter, have
decreased, especially during the early 1970s, due to
more efficient purification of waste waters and changes
in the industrial processes. For the same reason, the
loading frorn the most heavily loaded rivers fOulujoki,
Kokemäenjoki, Vantaa, Porvoonjoki, Kymijoki) has decreased,
or remained almost unchanged, despite increased water flow.
In the outer coastal waters these changes are reflected
in an increase of nutrients, especially in the Gulf of
Finland, where the influence of the general increase in
the open sea has also been strongest. In the other outer
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coastal waters, the changes have not been as clear,
although it is probable that some increase in the con
centration leveis has taken place.
In the inner eoastal waters, the phosphorus concentrations
have clearly fallen in those waters where the loading
has been strongly reduced, Le. in the NE Bothnian Bay,
off the Turku and Helsinki regions and in the Kokemäenjoki
and Kyniijoki estuaries. 0ff Raahe, Rauma and Uusikaupunki
also, the decreased loading is reflected in lower phos
phorus concentrations. The nitrogen level has elearly
dropped off Rauma, Espoo and the Kymijoki estuary, due
to a deorease in the loading or a change in the location
of the waste outfalls.
The decrease in the loading of organic matter is not
very clearly reflected in the oxygen values. This is
probably due to the fact that oxygen reacts very sensi
tively to hydrographical changes, so that the variation
in the values can be large and the trend during a rela
tively short period may even be the opposite to that
expected from the ahanges in the loading. Decreases in
the loading have clearly improved the oxygen conditions
off Kemi, Raahe, Porvoo and the Kymijoki estuary.
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5 BIOLOGICAL QUÄLITY OF COÄSTÄL WATERS
5.1 The non-loaded areas
Biological research results from the unloaded coastal
waters are briefly presented for the phytoplankton (annua;
production, productxon capacity and chlorophyll), bottom
fauna and phytobenthos More weight is given to the
results whicli can be compared with those from the loaded
areas.
5 1 1 Plankton
The level of the annual primary production of the phyto
plankton in different coastal areas is seen in Fig. 18.
The mean production level was c. 100 g C m2 a in the
Gulf of Finland in 1976-1979 and c 50 g in the Bothnian
Sea in the early 1970s (Niemi 1975, Lassig et al 1978,
1984) In the Archipe)ago Sea the annual productxon was
32-53 g C m2 a in 1979-1983 (Jumppanen and Kolehmainen
1g84). In the outermost coastal area in the Bothnian
Bay, the annual production varied between 12 and 22 g C
-2
a in 1976-1977 (Alasaarela 1979c) There were not
enough data to analyse the trends of the annual production
in the coastal waters. No significant trends were found
in the annual production in the open sea (Melvasalo et
al. 1981, HELCOM 1986).
Ä minor amount of recently published material was available
for a comparison of the primary production capacity (PPC)
between the different coastal areas. In 1972- 1975, the
PPC summer means were 93 mg C m3 d in the Gulf of
Finland, 67 mg in the northern Bothnian Sea and 39 mg in
the Bothnian Bay (Lassig et al. 1978). These values
indicate oligotrophic waters (cf. Lehmusluoto 1969).
Great variation may occur between successive years, as
is demonstrated by the summer values for the Bothnian
Bay: c. 30 mg C m3 d in 1976 and 50-100 mg in 1977
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F±g. 18. The annual primary production in different
parts of the Baltic Sea. Compiled by Lassig et al. (1978)
and Älasaarela from various sources (Älasaarela 1979c),
$1
(rough interpolation from a figure of Älasaarela 1979c).
In the waters around the tip of Hanko peninsula, the
PPC averaged c. 50 mg C m3 d in 1982 (Helminen and
Holmberg 1983), whereas the PPC in the innermost archi
pelago, at the entrance to Pojoviken, NE of Tvärminne,
-3 —1indicated slight eutrophication (250 mg C m d in
1981, Lönnqvist and Helminen 1982).
In some outer coastal waters for which long series of
comparable data exist, an increasing trend was evident
in the production capacity. In the middle archipelago
off Turku the PPC rose to a slightly eutrophicated level
from the 1960s to the 1980s (Jumppanen 1986a). The strong
increasing trend in the PPC at Katajaluoto in the outer
archipelago off Helsinki (Varmo et al. 1986, Fig. 23)
suggests that the PPC may also have risen outside the
Helsinki study area in the Gulf of Finland.
The mean chlorophyll a concentrations in July-September
in the open sea and the unloaded coastal waters were
below 2 mg m3 in the Gulf of Bothnia and in the outer
Archipelago Sea in 1979-1983 (Fig. 15). The values were
higher in the Bothnian Bay than in the Bothnian Sea (see
also Lassig and Niemi 1973). This was probably due to
the delayed spring maximum, which was partly included in
the summer values for the Bothnian Bay. Chlorophyll
increased eastwards in the Gulf of Finland, being over 5
mg m3 in the easternmost parts of the finnish territorial
waters (cf. subsection 4.2.5). The unloaded coastal
archipelago area between Tammisaari and Helsinki had a
chlorophyll concentration of 4-5 mg m3, which was clearly
higlier than in the corresponding unloaded areas in the
Bothnian Sea.
The chlorophyll records published from the different
coastal areas (Lassig and Niemi 1973, Niemi 1973, 1975,
1978, Lassig and Niemi 1976, Lassig et al. 1978, l84,
Älasaarela 1979c, Hällfors et al. 1983) are in accordance
with the present results. The results from Tvärminne
(Hällfors et al. 1983, Lass±g et al. 1984) indicated
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an uncertain inerease of the chlorophyll concentrations
during the 1970s. The open sea results (Huttunen et
al. 1986) from the Gulf of Bothnia did not reveal any
significant changes in the chlorophyll concentrations
between the periods 1969-1975 and 1979-1983. Kononen and
Niemi (1984), however, found an increase in phytoplankton
biomass in the open coastal area 0ff Tvärminne in 1966-
1981,
The studies related to the phytoplankton species composi
tion are excluded in this connection, because such studies
are only exceptionaiiy performed in the loaded areas,
and methodologicai differences also exist between the
laboratories. The results ön zooplanktön are also omitted
here.
5.1.2 Benthos
Almost no studies remain on the bottom fauna, when those
from the open sea and from the loaded areas are excluded
The wliole Finnish sea area is dealt with only in the
study by Bagge and Ilus (1973). The study included only
a few shallow coastal stations, ali of them in the Gulf
of Bothnia. The results from these stations do, however,
reveai a basic difference between the different parts
of the Gulf of Bothnia: the abundance and biomass of the
bottom fauna is extremely low in the Bothnian Bay as
compared with the Bothnian Sea.
The most abundant information on the bottom fauna in
clean areas was avaiiabie from Tvärminne, S coast of
Finland. Karjala and Lassig (1985) added new data to
the long monitoring series at four stations started by
Prof. S. Segerstråle back in the 1920s. The macrofauna
density varied greatly during the period 1964-1976 and
it mainly refiected the densities of Macoma baithica and
—2Pontopore;a affinis. The biomass averaged 33-36 g m
(ww) on deep mud-clay bottoms, whereas sand bottoms had
-2a biomass of nearly 140 g m . The study of Sarvala
(1985) has a larger coverage of the same area. The total
macrofauna production was 3.5-6.0 g (ash-free dw)
the late 1960s. Both these studies reveal a decrease in
the values for the total macrofauna biomass, as compared
with the old values (Segerstråle 1933), This change was
mostly due to the biomass of Macoma. The biomass of
Pontoporeia, however, had increased, which indicates that
the total production may have risen. Sarvala (1985)
points out that the reason behind these changes lies in
biotic factors rather than in eutrophication. The pro
duction of the two Pontoporeia species has recently been
studied by Uitto (1985).
The studies made in 1974 and 1977 showed that the bottom
was disturbed in a limited area off the iron smelter
located near Tvärminne (Luotamo and Luotamo 1977).
A shallow sand-bottom Zostera marina community was studied
in Tvärminne in 1968-1971 (Lappalainen et al. 1975).
The maerofaunal density averaged 8 500 individuals and
17 g (ash-free dw) m2. The rocky bottom phytal zone
was studied at the same time (Hällfors et al. 1975, Kangas
1987). This zone has later undergone great changes (see
the next subseetion).
The effect of the agricultural loading on the bottom
communities was clearly seen in the innermost bay areas
of Äland in the early 1970s (Helminen 1975). The archi
pelago zone seaward of the bays, however, was in an almost
natural state. Representative benthic material has later
(1977-1981) been collected from corresponding coastal
areas (see Eriksson and Leppäkoski 1983).
In the Krunnit area, 20 km from the shore in the NE
Bothnian Bay, the deep soft-bottom benthos was extremely
searee. The fauna most often consisted of a couple of
species and the biomass is below 1 g (ww) m2 (Valtonen
1976). The richest zone in this area was the stony bottom
phytal zone, in which the only vegetation was formed
by Cladophora spp. (Kangas 1976). The animal biomass
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-2had its maximum at a depth of 2-3 metres, being 11 g m
(ww, including shells) in 1967-1970. The corresponding
abundanee was c. 1000 md. m2. The dominant species
were Theodoxus fiuviatilis, Gammarus zaddachi and Lymnaea
The relative importance of the meiofauna in the benthic
ecosystems inereases from the Gulf of Finland towards
the north. In the Bothnian Bay the meiofauna biomass
was even higher than that of the macrofauna (Elmgren et
al, 1984). The importance of the meiofauna as compared
with the macrofauna is stili more pronounced as regards
the production. Comprehensive background data on the
meiofauna communities and densities in the coastal area
of the NE Bothnian Bay have recently been collected by
Turpeenniemi (1979) and Räisänen (1980).
In some loaded areas, it was possible to determine the
eztent of the area affected by wastes on the basis of
benthic studies. At the outermost sampling stations off
Helsinki, the bottom fauna appeared to be in a natural
state, without visible signs of pollution (Varmo 1984).
Airisto Sound, off Turku, extends southwards from the
polluted water area. Studies made in the late 1950s
(Tulkki 1960) indicated that the bottom fauna in its
southern part was unaffected by human activity, and later
studies, in 1979 and 1983 (eec Häkkilä and Puhakka 1984),
did not show any changes in the outer area compared with
the oider studies. In the sea area off Pori the outer
limit of the area affected by industrial waste waters
could aiso be determined on the basis of the bottom fauna
studies (see K. Häkkilä 1983), Ali these results, however,
do not exclude the possibility that the loading has in
fact had adverse effects on the bottom fauna at these
outer stations as well.
$5
5.1.3 Phytal
In the late 1970s and early 1980s the littoral zone
provided evidence that drastic ohanges may occur in the
ecosystems of the unpolluted areas as well. In the coastal
waters and archipelagoes off 8 and SW Finland Fucus vesi
culosus disappeared in patohes, production of small algae
increased and the densities and species composition of
the animais inhabiting the phytal belt changed greatly
(see e.g. Kangas et al. 1982, Haahtela 1984, Hällfors et
al. 1984, Mäkinen et al. 1984, Rönnberg et al. 1985).
This phenomenon was studied intensively, because the
changes occurred off the research stations as well.
The primary ohange behind this complex network of events
seemed to be increased produetion of filamentous and
planktonic algae (for details, see Kangas et al. 1982).
The alterations were most clear in the clean areas far
from pollution sources. The loading from the land seemed
unlikely to be a factor responsible for these phytal
changes, because they did not occur in the inner archi
pelago areas or near the loading sources. The general
increase of nutrients in the Baltic water masses was
considered to have caused the initial change, the increased
algal production (see Kangas et al, 1982).
Äccording to recent observations, a recovery is taking
place in the Fucus communities in the $ and SW Finnish
archipelagoes (Kangas and Niemi 1985, von Wachenfeldt et
al. 1986), It is possible that the recent littoral changes
are a natural biological phenomenon, which is controlled
by large-soale fluctuations in the Baltic Sea. Some
role may, however, be played by the loading, especially
in the Ärchipelago Sea (Haahtela 1984).
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5.2 The loaded areas
The following presentation wiIl concentrate on a descrip
tion of the coastal areas where loading from the land
has clearly caused changes in the receiving ecosystem.
These areas (Fig. 19) most often receive waste both in
river water and by direct diseharge. Besides these areas,
there are some waters where waste loading has limited
local effects (see chapter 3).
The assessment of the effects of waste waters on the
ecosystems is mostly based on the results of the recipient
control programs When the text is based on the results
given in the annual reports of the control studies,
references are not always given. Relevant surveys and
special studies are cited.
Äs thorough biological studies of the loaded areas are
normally performed at intervais of a few years, material
specifically from the period 19791983 does not always
exist.
The biological methods used in these control studies are
described by the National Board of Waters (1981a, 1982b).
This chapter mainly deals with the effects of waste loading
on the phytoplankton and benthic communities. Loading
of each of the areas is briefly described here (for detail
see also chapters 3 and 4). The effects of harmful
substances are presented in chapter 6.
5.2.1 The Bothnian Bay
Tornio
The shallow and relatively open water area off Tornio
receives the municipal waste waters from the towns of
Tornio and Haparanda (in Sweden) in the water of the
River Tornionjoki. The waste waters from a ferrochromium
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Fig. 19. The loaded sea areas described in the
text: 1, Tornio, 2, Kemi, 3, Oulu, 4, Raahe, 5,
Kokkola, 6, Pietarsaari, 7, the Kyrönjoki estuary,
8, Vaasa, 9, Kaskinen, 10, Pori, 11, Rauma, 12,
Uusikaupunki, 13, the Turku region and the Ärchi
pelago Sea, 14, Salo, 15, Helsinki, 16, Porvoo,
17, Loviisa, and 18, the Kotka region.
8$
and steel works are discharged into the outer archipelago.
During 1979-1983 the total direct 1od on the area was 6
t a of 1’, 130 t a of N and 65 t a of 30D7, The
loading of phosphorus and 80D7 decreased during the 1970s.
The load received from the River Tornionjoki was 300
t a of ?, 4300 t of N and 100 000 t a’ of COD. Ä
slight increase in the river Ioading took place during
1970-1983
The average chlorophyll a concentration in the Tornio
area was 4 mg m, which clearly exceeded that of the
open sea (Fig. 15) and even that of the neighbouring
coastal waters (see Taskila 1984a), The mean summer
value for primary produotion capacity (PPC) was about
150 mg C m d in 1979-83 (see Fig 20). The values for
these variabies showed fairly even distribution through
out the study area (stretching c. 10 km from the works),
without any difference between the inner and outer parts.
Both the chlorophyll and the PPC levels rose during the
per±od 1976-1983 (see Älasaarela 1979b, Lapinkangas 1983
and Taskila 1984a). The inerease was hardly due to the
industrial nutrient load, which was very low compared
with the load from the rivers. Ä corresponding inorease
was also observed in the Oulu eec area (Alasaarela 1982).
The bottom fauna is typical of the northernmost Gulf of
Bothnia, consisting of freshwater species and a few
euryhaline brackishwater species. There was a slight
but consistent increase in the abundance and biomass in
the whole area since 1976. In August 1983 the average
abundance was 1600 ind m2 and the biomase 3.4 g (ww)
(Kauppinen 1984). The increase is in agreement with the
rise of pelagic production.
1982
June
— 0 c t.
Fig 20 Primary production capacity (PPC) in the loaded
areas of the Bothnian Bay in 1983 (chlorophyll is presented
off Pietarsaari due to the lack of PPC measurements).
Sources: Taskila (1984a,b,c,d,e, Aaltonen and Vertanen 1984).
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Kemi
The water depth of the Kemi coastal area is mostly less
than 10 m. Some larger islands exist in the vicinity of
the coastline. In addition to the load carried by the
River Kemijoki (P: 470 t a, N: 7600 t a, COD:
200 000 t a1), the area receives munioipal wastes and
effluents from the wood processing industries (P: 73 t a,
N: 380 t a, B007: 20 000 t a1). The river loading
increased somewhat during 1970-83, while the industrial
and municipal discharges of phosphorus and BOD decreased
in the 1970s.
The chlorophyll a level was 4-5 mg m3 in the inner coastal
area and 1-2 mg m3 in the outer area in 1979-1983
(Fig. 15, Taskila 1983a, 1984b). During the same period,
the primary production capacity (PPC) of 3une through
Öctober was mostly about 100 mg C m3 d’ fsee Fig. 20).
Near the coast, the values often exceeded 200 mg C
but not in the outer area. Th annual production was
measured only in 1976 (Älasaarela 1979e). The values
(8-17 g C m2 a1) were at the same level as the annual
production in the open Bothnian Bay.
The trophic level of the Kemi sea area was lower than
could be expected from the nutrient concentrations, due
to the high colour value and turbidity of the water and
possibly also to the inhibitory effects of wood processing
effluents (cf, Älasaarela 1980b),
In winter, when the waste and river waters spread between
the ice and the sea water, separate floats containing
high concentrations of waste water may cause unpleasant
flavours in fish far from the coast (cf, Älasaarela and
Myllymaa 1978, Alasaarela 1979a).
There was a slight, though uncertain, rise in the phyto
plankton variabies from the 1970s to the 198056 but the
phosphorus concentrations of the water showed significant
decreasing trends in both winter and summer.
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The bottom fauna was strongly affected by waste waters
in the inner arehipelago areas. There the community
formed by chironomids and oligochaetes ws typical of
oxygen-poor areas loaded with decaying organio substances.
No changes during 1976-1982 were shown in the benthic
material (Kauppinen and Taskila 1983), The observed
inorease of ?oia affinis since the 1960s may be
due to the natural fluctuation of this species (cf, An
dersin et al, 1978).
Oulu
The water area off Oulu has only one major island (Hai
luoto). Due to the shallowness of the area, the mixing
conditions are rather poor, The Oulujoki is the main
loading source, discharging 190 t a of P, 3 400 t
of N and 89 000 t a of COD, The town of Oulu, and
the chemical and pulp and paper industries discharge
53 t a of P, 660 t a’ of N and 16 000 t a1 of BOD.
Both the river and direct discharges decreased during
the 1970s, due to water protection measures,
The chlorophyll a content was around 5-6 mg m in the
innermost coastal areas and 2-3 mg m in the outer areas
in 1979-83 (Fig, 15), The primary production capacity
(PPC) of the phytoplankton averaged 150-250 mg C m3 d
for the whole area (Myllymaa and Riihimäki 1984, Taskila
1984c) (see Fig. 20), The lowest values were obtained
in the outermost area and near the river mouth. The sea
area off Oulu was classified as eutrophicated on the
basis of the phytoplankton variabies (see Myllymaa and
Riihimäki 1984),
The area affected by the waste loading was extensive and
the relative gradient of the phytoplankton variables
from the open sea towards the coast was very gentle.
Because of the shallowness and high colour of the coastal
waters, the productive layer was thinner near the coast
than in the open sea. The inhibition of production by
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industrial waste waters was assumed to be limited to the
innermost area (Älasaarela 1978).
The trophic status of the Oulu sea area has risen. In
ali subareas, the chlorophyil concentration consistently
increased from the levei of 2-3 mg m3 in 1975-1977 to
7-9 mg m iii 1982-1983 (means of ice-free period) (Taskila
1984c). The changes of P?C from year to year were iess
consistent, but an increasing trend was apparent from
1976 (Älasaarela 1978) to 1983 (Taskila 1984c, see also
Myliymaa and Riihimäki 1984). Due to the great interannual
variation in PPC values, no differences in the trend
were seen between the subareas.
The increase of produetivity has occurred in spite of
the strong decrease of the phosphorus load and subsequent
decrease of phosphorus concentrations in both winter and
summer (Tables 13 and 14). The large interannual variation
was partly explained by the weather conditions during
the spring maximum, which mostly causes the observed
variation (Alasaarela 1982), but this did not expiain
the rising trend, which was also observed off Tornio.
No direct connections were found between productivity
and the waste water discharges. Phosphorus was clearly
a faotor limiting production in the open sea, but not in
the inner areas, where nitrate and light determined the
production (Älasaarala 1978, 1982). The clearest change
in the phytoplankton refiecting changes in the nutrient
loading was the decrease of blue-green algae in the early
1970s. The proportion of Osoillatoria jii, which
had caused problems, severely affecting the fiavour of
fish, dropped in a fewyears to its original level, when
the phosphorus ioad was decreased (Älasaarela 1978,
Myilymaa and Riihimäki 1984).
The River Oulujoki discharged large amounts of celluiose
fibres, which were mostly precipitated near the river
mouth, but were aiso found on the bottom at a distance
of a few kilometres (Älasaarela and Äntila 1980). The
disoharge of fibres has decreased since the 1960s. In
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the latest benthos survey (Salmela 1978), the fauna was
observed to be disturbed in the same area where fibres
occur. No direct connection could be demonstrated between
the fibres and the fauna. There were slight signs of an
inorease in the bottom fauna since the previous study in
1963-64 (Dahlström and Sormunen 1965).
Raahe
0ff Raahe, the coastal water area with a few minor islanda
receives wastes from the town and from an iron smelter
(P: 5.5 t a, N: 97 t a, BOD: 75 t a). In addition
a small river (Pattijoki) discharges into the area, The
phosphorus and BOD loading of the area decreased during
the 1970s.
The chlorophyll a concentration of the inner area off
Raahe is fairly high (over 5-6 mg m, Fig. 15), clearly
indicating eutro-phication. The values, however, were
only based on the data of the 1980s, when the conditions
for algal growth were excellent and the values of chloro
phyll and production were high, even in the outer coastal
areas (cf. Riihimäki 1983, Taskila 1984d). The mean
summer level of primary production capacity (PPC) was
70-350 mg C m3 d in the coastal area in 1979-1983
(see Fig. 20). This was markedly higher than the produotion
capacity in the outer coastal area south of Raahe, which
was ca. 40 mg C m3 d 1 in the mid 1970s (Lassig et
al. 1978).
There was some inconclusive evidence that the PPC rose
between 1971 and the 1980s (Riihimäki 1983), although
both the loading and the phosphorus concentration of the
water decreased during the 1970s.
There has been no clear improvement in the bottom fauna
since 1975. Possibly, however, the fauna has become
more diverse in the outer area and there may have been
some recolonization by Pontoporeia (Kauppinen 1982).
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This wey be connected with the decrease in tht metal
content of the bottom sediment since the ±970.
Kokkola
The town of Kokkola lies by a relatively wide ba, poor
in islands and with no silis. The water exchange with
the open sea can thus be expected to be good. In addition
to the waste load from the town, the water area receives
effluents from metal and chemical industries. During
1979-1983, 1 200 t a of nitrogen, 9.7 t a of phos
phorus and 280 t a of BOD7 were discharged direcIc
the coastal waters. The River Perhonjoki empties north
of the town (P: 73 t a, N: 980 t a, COD: 29 000 t
a’). The load from the river increased, especially in
the beginning of the 1980s. The direct loading from
industries (nitrogen) and from the town (phosphorus,
BOO) decreased.
The chlorophyll a concentration of the bay was 4-5 mg
(Fig. 15). The values were highest near the sewer
(Taskila 1983b). Elevated chlorophyll values did not
occur in the study area, and the phytoplankton primary
production capacity (PPC) was also fairly low, 90 mg
c m d in 1976-1980 and 120 mg C m d in 1983. There
was a slight increase in PPC during the last few years.
These values indicated that production was fairly evenly
distributed in the area (Fig. 20). In 1976-1980, the
average phytoplankton biomass was 2-3 mg 1 and the
zooplankton biomass 0.9 g l.
The plankton variabies indicated only slight eutrophica
tion, which can be attributed to the low phosphorus 1ad
(Älasaarela 1981), This shows that an eccess of nitrogen
in an area wliere phosphorus was limiting for the productic
had no effect on the trophic status. The occurrence of
Pontoporeia affinis, even near the sewer area, also
indicated that the degree of pollution was slight. It
seems probable that the sewage has had toxic effects, which
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decreased the animal abundance in the 1970s and in 18O.
In 1982-1985 toxic effects on the bottom fauna were not
observed (Virta et al. 1986).
Pietarsaari
The great width of the archipelago zone, about 10 km,
weakens mixing in the waters off Pietarsaari. The direct
loading from the town and the wood-processing industry
includes 40 t a of phosphorus, 240 t a of nitrogen
and 8 800 t a1 of BOD. Ädditional loads are received
from the River Ähtävänjoki (P: 21 t a, N: 390 t a’,
COD: 8 600 t a), which enters the sea via a regulated
freshwater basin,
0ff Pietarsaari, the chlorophyll a level was low in 1979-
1983; the higher concentrations south of the town (Figs. 15
and 20) are caused by the River Lapuanjoki. The mean
summer values were most often below 3 mg m3 in the whole
area (Aaltonen and Vertanen 1984). The average phyto
plankton biomass in August was 0.5 g m3 in the innermost
area and below 0.3 g m3 in the outermost coastal waters
in 1980-1983. According to the chlorophyll results, the
area was slightly eutrophicated, However, the low pro
ductivity in this area with high nutrient and organic
loads is a strong indication of inhibition by toxic
industrial effluents.
Äccording to Jokinen (1978), the primary production
capacity (PPC) increased in the 1970s. PPC was not
measured in the 1980s. The phytoplankton biomass decreased
in the inner archipelago and bay areas in 1980-1984
(Aaltonen and Vertanen 1985).
The bottom fauna was very poor in the area near the sewers,
where chironomids and oligochaetes formed a biomass of
less than 1.5 g m2 in 1983. The most abundant (1 900
md. m2) fauna was found in the middle archipelago,
where the biomass averaged 14 g m2 Aaltonen and Vertanen
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(1984).
There have been long-term changes in the bottom fauna
off Pietarsaari. The results up to 1977 are summarized
by Jokinen (1978). In the 1950s the polluted bottom
area was only c. 2 km2. In the early 1970s the water
quality was very poor and oxygen deficiencies abounded
in winter, At that time species indicating clean water
occurred only in the open coastal waters. Species mdi
cating pollution were dominant even in the outermost
archipelago zone, According to the investigations made
in 1983-85 (o.g. Aaltonen and Vertanen 1985), the state
of the bottom fauna has improved, except in the areas
near the sewers. In the middle and outer parts of the
archipelago the dominants are now species indicating
clean water. Recolönization by Pontopöreia affinls, in
particular, is evidenee of ari improvement in the water
quality.
The Kyrönjoki estuary
The water exchange in the long and shallow estuary of
the River Kyrönjoki is limited by the wide and dense
archipelago. The load from the river was 160 t a1 for
—1
.
—1phosphorus, 160 t a for nitrogen and 39 000 t a for
COD in 1979-1983. The acidity of the water, originating
from sulphureous Litorina clays, is high especially during
flood periods. The acidity has caused problems for the
local fishery because of reproductive failures in the
acidified spawning and nursery area (Hudd et ei. 1986).
Heavy metais together with acidity have strongly affected
the distribution of the bottom animais in the inner part
of the estuary (Meriläinen 1984a). Äcidification also
had a slight effect on the distribution of some macrophyte
species, but did not affect the total amount of vegetation
(Meriläinen 1984b).
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5.2.2 The Bothnian Sea
Vaasa
The shallow and wide archipelago off Vaasa receives waste
loads from the town (P 20 t a, N 200 t a1, BOD 470
t a1) and the River Laihianjoki (P 12 t a1, N 380 t
a’, COD 3 000 t a) Dxrect loading decreased during
the 1970s, but the river loading increased, especially
the amounts of nitrogen and organic matter.
The mean summer-time chlorophyll a content off Vaasa was
2-3 mg in the archipelago and 5-6 mg near the
town in 1979-1983, The primary production capacity (PPC)
of the phytoplankton averaged over 500 mg c m d near
Vaasa and 150-250 mg C m d1 in the outer archipelago
in 1979-1982 (Kaijalainen and Lipkin 1984, Kyröläinen et
al 1984) The whole area off Vaasa was classifled as
at least slightly eutrophicated (Fig. 21).
The PPC measurements revealed a clear increase since
1970, more than two-fold in the inner archipelago and a
50 % increase in the outer archipelago from 1970-1973 to
1979-1982 The ohange culminated in the mid 1970s (see
Kaijalainen and Lipkin 1984) Several factors have
contributed to the observed eutrophication e g the
increased diffuse loading, fish farming, forest ditching
and embankments. No changes were seen in the nutrient
concentrations although the load decreased.
The bottom fauna indicated a limited area of impact.
The material does not reveal clear temporal changes fÄxell
et al. 1984).
98
Kaskinen
0ff Kaskinen, the waste waters of the iocal pulp and
paper plant and the municipal sewage (P: 52 t a, N:
190 t a, BOD7: 3 800 t are discharged to a semi
enclosed bay, which has relatively good water exchange
with the open sea. The load received in stream discharge
is very small in both winter and summer,
The chlorophyll a level was very low off Kaskinen (Figs. 15
and 20). During the 1980s it seidom exceeded 2 mg
even in the inner areas, except during the spring bioom.
The primary production capacity (PPC) averaged 125 mg C
m d in the whole area in 1978-1979, but at the time
of the last measurement, in 1981, it was only 35 mg (Langi
1982). There was an exceptionaily gentle gradient from
the outer area to the inner bay. This is due to the
inhibitory effects of the waste waters on the aigal
production (Rekolainen and Taisi 1982).
Judging from the chemical variabies, the water guality
has deteriorated since the start of the miii in 1975.
This was iess clearly suggested by the biological van
abies. Äccording to Rekolainen and Taisi (1982), the PPC
increased eleanly from 1974 to 1980, though the producti
vity did not inorease near the sewer on in the niver
mouth. The low value measured in 1981, however, makes the
increase in productivity unoertain.
The type of bottom varies greatly in the sea area off
Kaskinen, which causes difficulties in interpreting the
results. The bottom fauna consists of a few species and
is fairly homogeneous throughout the different subareas.
The average biomass in the area was about 110 g m2 (ww,
including shells) in 1985. The population structure
of Macoma balthica showed distunbances near the sewen,
but the abundant occurrence of Pontoporeia affinis was
inconsistent with this observation. Paavilainen et
al. (1985) could not detect significant changes in the
bottom fauna between 1975 and 1985.
99
Pori
0ff Pori, the disoharge of the Kokemäenjoki (P2 570 t
a1; N: 9 000 t a; C0D: 130 000 t a) enters the
Bothnian Sea via en archipelagic estuary, which greatly
weakens the mixing conditions. The direct load received
—1by the area includes 25 t a of phosphorus, 360 t a
of nitrogen and 4 800 t a of organic. Since the early
1970s, the phosphorus and BOD7 matter input have decreased,
but the nitrogen input has increased,
The following presentation is mainly based on the summary
by K. Häkkilä (1983) ånd on the reports on the recipient
control.
In 1979-1983 the chlorophyll a concentration was 210 mg
m3 in the Kokemäenjoki estuary and the adjoining archi
pelago, and 1-2 mg m3 in the outer archipelago area
(Fig. 15). 0ff Mäntyluoto, en area receiving industrial
waste waters, the chlorophyll concentration was clearly
lower (below 1 mg m3) than in the surrounding waters,
The whole estuary was eutrophicated, having a primary
production capacity (PPC) of over 500 mg c m d (summer
means) in 1984. The slightly eutrophicated zone (120-
150 mg C m d1) extended 10 km seaward and covered
the whole study area
The depression in chlorophyll values in 1981 (Fig 15)
was not seen in the results from 1984 (Oravainen 1985),
but in the 1970s disturbances in production occurred off
Mäntyluoto. Äccording to K. Häkkilä (1983), factors
possibly causing the aigal inhibition are low pH and
high concentrations of heavy metais, especially iron,
The was also indicated by aigal bioassays (Häkkilä 1977).
The waste waters may also affect primary production by
co-precipitating phosphorus (Voipio and Niemistö 1975).
No clear interannual changes were observed in the phyto
plankton variabies. The nutrient concentration of the
River Kokemäenjoki decreased in the 1970s, which resulted
‘no
in a decrease in the eutrophication of the estuary (Ora
vainen 1982), In the open sea the total biomasa of
phytoplankton increased slightly from the early 1970s to
1979-1981 (Kononen 1983).
Äccording to en extensive survey of the bottom fauna in
the sea area off Pori in 1975-1978 (K. Häkkilä 1983),
the strongly polluted bottom extended about 7 km from
the factory sewer (Fig. 21). The area in which the bottom
fauna was clearly affected by the wastes extended 15 km
seaward from the sewer. The fauna was disturbed by the
continuously low pH, and the high iron and low oxygen
ooncentrations. Ari iron precipitate covered the bottom
and spread with wind-induced currents. Later surveys,
made in 1981 and 1985, indicated some slight signs of
improvenient, e.g. a decrease of the strongly polluted
area (Mankki and Kosonen 1982, Kosonen and Patrikainen
1986). In the open sea the bottom fauna did not change
markedly between the early 1960s and 1982 (Ändersin 1983).
The benthos off the Kokernäenjoki estuary is dominated by
Macoma balthica. The latest study made in this area, in
1982, showed that the distribut±on area of Macoma and,
conseguently, the zone of high biomass has shifted outwards
(Patrikainen 1985), which may be caused by high discharges
from the river in 1981.
The trawl catches of Baltic lierring diminished in the
late 1970s and early 1980s in the fisheries off Pori.
In order to explain this decrease, a number of special
studies were performed during 1982 (Tulkki et al. 1983),
The most probable reason semed to be that the Baltic
herring were driven away by the industrial effluent and
substances precipitated from it. No ehanges explaining
the diminished trawl catches were found in the Bothnian
Sea ecosystems.
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Rauma
The waters 0ff Rauma are separated from the open sea by
a shallow zone with rather few islands. The direct waste
load (P: 30 t a; N: 170 t a; 3013: 9 500 t a) is
mainly received from the effluent from a pulp and paper
plant. This load has decreased, especially during the
early 1970s.
The chlorophyll a values (below 2 mg m3) off Rauma were
not elevated compared with the level in the open sea
(Fig. 15). The primary production capacity (PPC) averaged
—3-1.120 mg C m d in the outer archipelago and 160 mg in
the inner areas in 1979-1983 (Jumppanen 1984b). The
gradient of the phytoplankton variabies from the open
sea towards the town was thus very gentle, although the
nutrient gradient was steep. This was probably due to the
inhibitory effect of cellulose waste waters in the area
(Jumppanen 1986b). Turbidity is another contributory
factor. According to the phytoplankton variabies, the
semi-polluted area extended 3-4 km from the town.
The polluted water area decreased in the late 1970s and
early 1980s. The PPC values, however, increased slightly.
The extent of the semi-polluted area determined on the
basis of the bottom fauna (Fig. 21) was greater than
that indicated by the phytoplankton. This may be due to
the inhibition of phytoplankton by waste waters. There
has been no essential ohange in the bottom fauna since
1977, when the previous inventory was made (S. Häkkilä
1983). The most polluted zone, however, seems to have
decreased.
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Uusikaupunki
The Uusikaupunki coastal water area receives most of its
direct phosphorus loading (c. 50 t a1) from the fertilizer
plant. Nitrogen (88 t a) and BOD (98 t a) loads are
mainly received from the municipal sewage. The River
Sirppujoki (14 t a of P, 450 t a’ of N and 2 700 t
of COD) empties into the area via a regulated fresh
water basin. The direct load has decreased but the river
loading has increased.
The mean summer chlorophyll a values were over 5 mg
in the inner area and 2 mg m3 in the outer area in 1979-
1983 (Fig. 15). The corresponding phytoplankton biomasses
were 0.8 and 0.3 g m, respectively (Jumppanen 1984a).
The average primary production capacity (PPC) in the
inner study area was 200-400 mg C m3 d and 115 mg in
the outermost archipelago in 1983, In 1983, Jumppanen
(1984a) estimated that the eutrophicated area extended
6-7 km seaward and the slightly eutrophicated area 10-12
km.
The state of the Uusikaupunki sea area improved during
the 1970s when the nutrient load decreased (Isotalo and
Häkkilä 1978). The decrease of the phytoplankton biomass
was sharp, but the decrease in the PPC was slower than
could be expected from the phosphorus decrease. This
was due to an excess of phosphorus stored in gypsum being
leached out into the water (Jumppanen 1986b). The inten
sive nitrogen fixing by blue-green algae observed in the
inner coastal area (Rinne et al. 1981) may also contribute
to the high production. During the 1980s there has been
no clear change; the eutrophy has rather started to
increase again than continued to decrease (Jumppanen
1986b).
Äfter the start of the fertilizer plant in 1965 great
changes appeared in the benthic communities in the inner
areas (Mölsä and Wiik 1982, Mölsä 1983). The original
marine species were eliminated and replaced mainly by
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oligochaetes and chironomids. The biomass also dropped
to a tenth of its original value. In the 1970s the bottom
fauna began to return to its original state. According
to the most recent results, the polluted or semi-polluted
bottom area extended 3 km from the £ertilizer plant and
the sem±hea1thy bottom stretches 12 km northwards and
10 km southwards (Fig. 21). The benthic community mdi
cated the carrying capacity of the waste discharge area
better than the phytoplankton production measurements
(Mölsä 1983).
5.2.3 The Archipelago Sea
In the region of Turku the exchange of water with the
outer areas ja Iimited by the wide and dense arohipelago.
The area receives its main waste load from municipal
waste waters (P: 32 t a; N: 1 000 t a and 30D:
1 300 t a1) and from the River Äurajoki (P: 48 t
N: 590 t a; COD: 4 800 t a). The direct discharges
of phosphorus and organc matter elearly decreased during
the 1970s, while the loading from the Aurajoki increased,
especially in respect of phosphorus.
The following presentation ja mainly based on the summary
by Jumppanen (1986a). Because of the wideness and diver
sity of the archipelago, the Turku region will be treated
separately from the rest of the ärchipe1ago
In the Turku sea area the chlorophyll a content was 5-10
mg m n the inner areas and 3-5 mg m3 in the outer
area in 1979-1983 (Fig, 15). High values (even 60 mg
m3) were found locally during that period (Jutnppanen and
Kolehmainen 1984). The primary production capacity (PPC)
was 1 100 - 2 800 g c m d1 in the innermost part, 240
- 1 400 mg C m3 d in the middle part and 170-700 mg C
m3 d in the outermost part of the Turku region in the
1980s (summer means, Jumppanen and Kolehmainen 1984).
The eutrophicated water area extended about 10 km seaward
from Turku.
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The decrease in the waste loading and the improvement of
the water guality since the 1970s are reflected well by
the biologieal variabies in the Turku region. The
chlorophyll content of the water decreased only slightly,
but the phytoplankton biomass decreased clearly from the
end of the 1970s to the 1980s (1-2 g m in 1985, Jumppanen
1986b). The species composition also changed: the fresh
water green algae favoured by eutrophication became less
dominant, giving way to more marine species (Jumppanen
and Kolehmainen 1984, cf. also Kippo-Edlund and Niemi
1986), The phytoplankton PPC remained at the same level
as in the late 1970s, but the in situ produetion decreased
slightly. This indicates more effective production,
since the biomass also decreased. The recovery seemed
to be very slow.
Ä larger affected area was revealed by the bottom inves
tigation than by the pelagic ones. During the last 20
years, the pollution has decreased, whule the total area
affected by slight pollution has increased (Häkkilä and
Puhakka 1984).
The rest of the Archipelago Sea in this connection means
the area between the Turku region and the boundary of
the province of Äland, The chlorophyll concentration in
this area was below 3 mg m, and in the outer parts the
same as in the open sea, below 2 mg m3 (Fig. 15). The
PPC was c. 200 mg C m3 d1 over wide areas in 1982-1985
(Jumppanen 1986b) (Fig. 22). Near fish farming areas,
the values were slightly elevated. In the open parts of
the Ärchipelago Sea, PPC was Iower. The bottom fauna of
the outer archipelago was classified as healthy (Häkkilä
and Puhakka 1984, cf. seetion 5.1).
The phytoplankton PPC and the in situ production increased
evidently from the 1960s to their present slightly eu
trophicated leveis. The biomass also increased and the
species composition became more marine. The inoreased
production favoured the bottom fauna, so that its biomass
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doubled during the last 20 years (Jumppanen 1986a). Ita
species composition, however, remained unchanged.
This gradual eutrophication may be due not only to waste
loading, but also to erosion and nutrient leaching from
oultivated fields and to the increased nutrient content
of the open Baltic Sea (Melvasalo et al. 1981, HELCOM
1986). The littoral ohanges (seetion 5.1) in the Ärahi
pelago Sea point to the role of the Baltic waters. Fish
farming has expanded strongly in the 1980s and eutrophi
cation caused by the load from fish farms has been shown
by both chemical and biological variabies (Isotalo et
al. 1985, Halonen 1985).
Salo
0ff Salo, the mixing conditions are even poorer than off
Turku, The direot waste load (P: 14 t a1; N: 98 t
BOD: 350 t a1) is small in relation to the annual load
from rivers (P: 28 t a1; N: 310 t a1; COD: 2 000 t
but greatly exceeds the river load during periods
of low water flow. No notable deerease in the direct
loading took place up to 1982, but the river phosphorus
loading increased.
The chlorophyll a concentration was over 10 mg m3 in
the inner bay area in 1983, and over 5 mg near the mouths
of the sounds. Both values were higher than the mean
from 1979-1983 (Fig. 15). The average summer values of
the phytoplankton primary production capacity (PPC) in
the inner bay and mouths in 1979-1983 were c. 1 400 and
350 mg C m d1, respectively (Jumppanen and Kolehmainen
1982, Kolehmainen 1984). Both chlorophyll and PPC mdi
cated strong eutrophication in the inner parts and slight
eutrophieation in the outer parts of both sounds (cf.
Fig. 22),
The results from 1982-84 indicated an unoertain decreasing
trend in eutrophication, due to the decrease of the
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munioipal phosphorus load. Äccording to the. most recent
results, the production has not decreased (Jumppanen
1986b).
The latest bottom fauna study, made in 1981, indicated a
large polluted area. The fauna was very poor in ali
depressions of the bottom, due to oxygen deficiency.
Comparison with 1975 showed no ciear changes in the state
of the bottom fauna (Häkkilä 1982).
5.2.4 The Gulf of Finland
Helsinki
In the waters off the Helsinki region, the ioad imposed
by municipal sewage (P: 120 t a; N: 3 100 t a; BOD:
3 500 t a) cleariy exceeds that received from the rivers
(P: 78 t a1; N: 1 400 t a; COD: 8 800 t a), espeeially
during winter and summer. The phosphorus and organic
matter input from both sources decreased during the study
period. Due to the relatively open coast, mixing condi
tions are good, exeept in the two semi-enclosed bays, into
which a large part of the load was discharged.
The mean chlorophyll a content was over 10 mg m3 in the
inner coastal waters in 1979-1983 (Fig. 15) but means
even exceeding 50 mg m3 were common throughout the summer
in the inner bays (Norha and Pesonen 1984). In the outer
area the chlorophyll concentration was around 5 mg m3.
The primary production capacity (PPC) was 500-600 mg C
m d in the inner archipelago and C. 300 iug C m3 d
in the outer areas. The annual primary production was
ca. 100 g C m2 a in the outer archipelago in 1980-1983.
The quality and guantity of the bottom fauna in the bay
areas was stili poor in 1983. In the inner archipeiago
the benthic biomass was 110-160 g m2 and in the outer
waters 160-190 g m2 (Varmo in Norha and Pesonen 1984).
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In the inner bay areas there was a sharp decrease in the
nutrient concentrations at the end of the lg7Os, and
drastic changes were also recorded in the phytoplankton
variabies (Varmo et ei 1986), probably due to the low
water exchange and rioh stores of phosphorus in the bottom
ediment (cf Rekolainen 1982)
In the inner archipeiago waters the increase of chlorophyll
was siight, but the PPC increased from 250 mg C m3 d
in 1970- 1974 to nearly 600 mg in the 1980s (means May
Oct ) (Pesonen and Rinne 1985, Norha and Pesonen 1984)
In the outer archipeiago the chlorophyll increased slightly
from the early 1970s to 1983, but the increase of PPC
was strong, from 70 to 300 mg C m3 d1 (Fig. 23).
Älthough the frequency of blooms of potentially toxic
blue-green aigae has decreased in the bay areas, in the
outer archipeiago areas they have recently shown a tendency
to become a regular late-summer phenomenon
The bottom fauna seerned to reflect the changes in water
quality. In the bay areas, the diversity, abundance and
biomass increased from the 1960s. In the inner coastal
areas the species composition remained stable, but the
densities increased In the outermost archipelago, the
oligoehaetes had increased their proportion from 1% to
25% of the total abundance by 1983 (Varmo et al. 1986).
The total annual biomass also doubled to nearly 200
g •2 in the 1980s.
Five water quality categories have been distinguished in
this area on the basis of total phosphorus, primary
production capacity, phytoplankton biomass, oxygen satu
ration percentage, and bacterial counts (Pesonen et
al. 1978). The greater part of the study area belonged
to the classes good or excellent (Fig. 24), while the inner
coastal waters were satisfactory. The areas of poor
water qualxty in the bays decreased from 1968 to 1983,
but the total area affected by waste waters increased
Ä corresponding pattern is seen in the maps made by Varmo
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Fig. 24. Water quality classification of the sea
areas off Helsinki and Espoo in 1968 and 1983.
Classification according to Pesonen et al. (1978).
Redrawn from the figures of the Water Conservation
Laboratory of the City of Helsinki.
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(1984) of the state of the bottom fauna from 1962 to 1978,
In the Helsinki and Espoo Sea area the ohanges in the
biological variables showed the effect of the water
protection measures, but also reflected the general
eutrophication of the Gulf of Finland (Melvasalo et
al. 1981, HELCOM 1986), This pattern of change will
probably continue in the future, as the purified waste
waters have been led to the outer archipelago area since
the beginning of 1987.
Porvoo
0ff Porvoo, the municipal waste waters, representing
about half of the total direct load (P: 12 t a; N: 330
—1 —1t a ; BOD: 390 t a ), are discharged into a semi
enclosed bay. Induatrial waste waters are discharged to
the outer archipelago. The load from two eutrophicated
rivers (Porvoonjoki, Mäntsälänjoki) is substantial (P:
110 t a; N: 1 800 t a; COD: 11 000 t a1). Both the
river and the direct loadings have decreased since the
mid 1970s.
The information on the sea area off Porvoo is mainly
based on the summary by Talsi (1987). In 1979-1983 the
mean chlorophyll a content of the water in the middle
archipelago was about 10 mg (Fig. 15). The values
were over 20 mg in the inner bay and 3-4 mg in
the outer coastal areas. The primary production capacity
(PPC) of the phytoplankton varied from 1 300 mg C
in the inner bay to 200 mg C md in the middle
archipelago in 1980-1984. In the outermost archipelago,
east of the study area, the produetion capacity was 93
mg c m d in 1972- 1975 (Lassig et al. 1978).
The whole inner and middle archipelago was be classified
as eutrophicated. Produetion was favoured by the nutrient
supply from the chemical industries, especially ammonium,
since nitrogen is the faetor limiting production in the
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area (see Penttinen 1980). The bottom fauna was strongiy
affected by eutrophication in the innermost area and in
the oil refinery discharge area, which, however, was
rather limited. The outer archipeiago areas have remained
unaltered.
The phytopiankton PPC has been measured since 1975, and
as regards the whoie area there were no ciear changes
since that year. The production varied yeariy, foiiowing
variations in the ioading. Localiy, the eutrophication
increased when the production of the puip miii ceased
and the inhibitory effects of its effluents were elimin
ated. Äfter this change, the state of the bottom fauna
also improved in the inner area. 0ff the oil refinery,
the state of the bottom fauna has shown no ciear improve
ment since 1965, in spite of the deorease in the oli
discharge (Leppäkoski et al. 1979, Taisi 1987).
Loviisa
Municipal waste waters (1.8 t a1 phosphorus, 46 t a
nitrogen and 5 t a1 30D7) are discharged to the fjordiike
Loviisa bay. The bay is siightiy eutrophicated and there
are no elear trends in its state. Ä nuciear power station
is located in the middle archipeiago, but its waste ioad
is fairiy low. The power piant seemed to have a slight
tendency to cause a iocal increase in the primary produc
tion, but there was no ciear trend in the annual primary
production of the area, which was c. 60 g C m2 a in
1981 (Ilus 1985).
The Kotka region
The River Kymijoki discharged 280 t a phosphorus, 6
300 t a nitrogen and 110 000 t a C0D to two areas in
the Gulf of Finland (see Fig. 25) in 1979-1983. The
mixing conditions are limited near the coast. The totai
direct load during the same period was 66 t a for
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Fig. 25. Pollution zones distinguished on the basis of the bottom
fauna in the waters off Hamina and the River Kymijoki in the middle
Gulf of Finland. 1, strongly polluted, 2, polluted, 3, slightly
polluted, 4, healthy. Compiled from Partanen (1985).
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phosphorus, 480 t a for nitrogen and 21 000 t a’ for
organic matter (30D7). Since the early 1970s the river
load has remained fairly stable, because the municipal
and industrial loads on the river have decreased, whule
the water flow has increased.
In the sea area surrounding Kotka, the summertime chloro
phyll a concentration was over 5 mg in the inner
part and below 5 mg in the outer waters in 1979-1983
(Fig, 15). In the open sea the chlorophyll level exceeded
5 mg (see subsection 4.2.5).
Records of the primary produetion capacity (PPC) are
available from every third year (Partanen 1984). 0ff
the western estuaries of the Kymijoki, at Pyhtää, the
PPC was 300-390 mg C m d in the inner archipelago
and the bay areas in 1983 (June-Sept.) (Partanen 1984).
The sea area off Kotka was also eutrophicated. The PPC
in the bays and inner archipelago was 240-370 g c
0ff Hamina it was 200-360 mg C m3 d in the inner
archipelago and somewhat higher in the bay areas. The
PPC gradient from the open sea to the bays was slight.
Äccording to Partanen (1984), inhibition by industrial
waste waters occured Iocally in several places. Thus
the whole sea area, including the outermost sampling
stations, was elearly eutrophicated (cf. Lehmusluoto 1969),
except for areas where production was inhibited by waste
waters. The inhibition by wood proeessing wastes was
clearest in the 1960s (cf. Bagge and Lehmusluoto 1971)
but diminished strongly during the 1970s.
Meteorological factors can cause great variation in PPC
values in the area where sufficient nutrients are available
(Partanen 1984). In spite of this variation, the PPC
values showed a clear increase of eutrophy off Pyhtää
and Kotka. In 1974 and 1977 PPC was around 100 mg c
whule the recent level is around 300 mg. The value
recorded for the outer archipelago to the west was 93 g
c m d1 in 1972-1975 (Lassig et al. 1978), which shows
that the PPC gradient from the open sea to the inner
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areas was slight in the 1970s as well. The eutrophy of
the Hamina Sea area has not changed (Kettunen and Lempinen
1983, Partanen 1984).
Since 1975, systematic bottom fauna studies have been
performed in the Kotka region every third year. The
latest results are from 1984 (Partanen 1985). The bottom
was polluted off ali the five mounths of the River Kymijoki
at Pyhtää and Kotka (Fig. 25). The innermost areas were
classified as poiiuted. The area in which the impact of
sewage was evident in the bottom fauna extende.d 5-10 km
from the coastline to the outer arehipelago. The pollution
increased in both the inner and outer areas up to 1981.
The deterioration was probabiy caused by the high river
diseharge, which carried great amounts of fibres and
organic matter into the sea. These substances were soon
mineralized and in the 1984 study the area of polluted
bottom had decreased, but the total affeeted area had
remained the same (Partanen 1985),
The sea area off Hamina is shaiiow and the bottom consists
of mud, thus being eutrophicated by natural agents. In
spite of the fairly low waste loading, the poiluted bottom
formed a broad zone along the coast. There have been no
signs of changes in the bottom guality since 1975 (Partanen
1985).
5.3 Concluding remarks
The measurements of chiorophyll a form the only material
sufficient to allow an assessment of the biological effects
of waste water loading aiong the entire Finnish coast.
Chlorophyli has a high correiation with the primary
production capacity, as was seen in the results for areas
where both variabies were usually measured. Äccording
to the chlorophyil concentrations, practically the whole
Finnish coastal water area was eutrophicated. Oniy a
few limited areas in the Bothnian Bay and Bothnian Sea
had the same chlorophyll concentrations as the open sea.
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The primary production capacity measurements showed that
ali the ioaded areas were eutrophicated to a greater or
lesser extent. In these areas the nutrient and chlorophyll
concentrations were also high (cf, section 4.4). The
most intensive eutrophication was found in certain semi
enciosed bays, as off Salo, Porvoo, Helsinki and Uusikau
punki. The trophic status was lowest in the coastal
waters of the Bothnian Bay.
At a few of the loaded areas (Pietarsaari, Kaskinen,
Rauma), the chlorophyll and primary production values
were lower than could be expected from the loading and
the nutrient concentrations of the water. The waste
waters of the wood processing industry may be considered
to have inhibitory effects on biologicai production in
tliese areas. Industriai waste waters may also occasionally
have iimited the primary production off Kemi and off
Mäntyluoto near Pori.
If no inhibitory effects existed, the degree of eutrophi
cation was usually highest in the innermost parts of the
loaded areas and decreased towards the open sea. The
material sliowed that the production values at the outermost
sampling stations stili tended to exceed the values of
the open sea.
The biological variabies used indicated the effects of
waste waters on peiagic ecosystems in summer, when good
mixing conditions prevaiied and the areas affected by
loading were in many cases smaller than in winter. During
winter the chemical indicators were the only variabies
that showed the spreading of waste waters.
The degree of eutrophication had risen since the 1970s
in the most heavily ioaded areas. In the Bothnian Bay,
except off Oulu, the increasing trends were uncertain or
slight. The increase was clearest off Oulu and Vaasa,
in the outer archipelago off Helsinki and in the Ärchi
pelago Sea, Despite the strong decrease in the direet
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nutrient load and the concentrations in the inner coastal
waters, the degree of eutrophy in most areas did not
show decreasing trends. This was attributed to such
factors as increased diffuse loading, high river discharges
and nutrient inputs from fish farming. The increased
nutrient concentrations of the water masses from the
open sea evidently contributed to the increased eutrophy
in the outer arohipelago, as off Helsinki and in the
outer Ärchipelago Sea,
In a few areas the eutrophication had decreased, due to
reduction of the phosphorus load. 0ff Uusikaupunki, the
decrease was strongest in the 1970s but became more gradual
in the 1980s, due to excess phosphorus leaching from the
waste deposit. In the inner coastal waters off Turku
and Helsinki the phytoplankton variables other than primary
produotion capacity had decreased.
The effect of the waste waters could be detected in the
bottom fauna in most of the loaded areas, although the
control material was scarce. The changes were clearest
near the loading sources, where animal abundanees, bio
masses and diversities decreased. The fauna often con
sisted of tubificids and chironomid larvae tolerating
low oxygen concentrations.
In the Bothnian Bay the greatest impaot was found near
Kemi and Pietarsaari and also near Vaasa in the Quark.
0ff Mäntyluoto, the bottom fauna had deteriorated over a
wide area, due to acid industrial wastes containing heavy
metais. Clear effects of pollution were observed in the
bottom fauna of semi-enclosed bays off Turku, Salo and
Porvoo, and in that of heavily loaded areas off Rauma,
Uusikaupunki, Helsinki and Kotka.
The trends in the state of the bottom fauna in the diffe
rent loaded areas have not been uniform during recent
years. 0ff Uusikaupunki and Porvoo, for example, impro
vement was aiready evident in the 1970s, when loading
was reduced or ceased. In the Bothnian Bay, the trends
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were uncertain or slight. 0ff Kotka, the state of the
bottom fauna improved in the 1970s, but had deteriorated
again by 1981, due to fibres and organic matter carried
into the sea by the river. In a few areas the most loaded
bottoms had improved, but the total affected area had
increased. This was seen most clearly off Helsinki and
Turku.
Ä correlation between eutrophication and changes in the
bottom fauna was evident in most loaded areas. Up to
certain point, eutrophication favours the benthic produc
tion, but beyond it high primary production leads to
poor oxygen conditions on the bottom. In the strongly
eutrophicated areas (e,g. Vaasa, Uusikaupunki, Turku,
Helsinki, Porvoo) changes in the bentlios were clear, but
often only within a limited area. A decrease in the
eutrophication led to an improvement of the bottom fauna
off Uusikaupunki. Eutrophication was not always respon
sible for deterioration of the bottom fauna; toxic sub
stances and suspended organic material often caused con
siderable benthic changes, even in areas with rather low
eutrophy (e.g. Mäntyluoto, Pietarsaari, Kaskinen, Rauma,
Kotka).
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6 POLLUTION BY HÄRMFUL SUBSTANCES
Studies of substances harmful to the biota were started
by the water authorities in the mid 1960s, when monitoring
of mercury and local studies on DDT and PCB in fish were
begun. Later, the monitoring was developed to provide
information for national and international (e.g. Helsinki
Commission and OECD) requirements.
Ä nationwide monitoring program on compounds accumulating
in fish was started in 1978 by the NBWE, with the aim of
elucidating local and regional concentrations, temporal
trends, effects on the biota and exposure of humans to
the compounds through consumption of fish. For this
purpose, pike, cod and Baltic herring samples aro taken
from 21 coastal areas every fifth year. The sampies aro
analysed for chlorinated hydrocarbons (PCB and DDT com
pounds) and heavy metais (zinc, copper, lead, cadmium
and mercury) (Miettinen and Verta 1984).
The material on the biota assessed here was also obtained
from the monitoring of harmful substances in benthic
macroinvertebrates (NBWE), recipient control studies and
special studies,
Äs the concentrations of bioaccumulating compounds in
the water are usually very low and the spatial variation
is great, nationwide monitoring of the concentrations in
water is not performed. Some of the recipient control
studies, however, include analysis of harmful substances
in the water, in order to assess the extent of the water
areas affected,
Recently, increasing attention has been paid to sediment
studies, because undisturbed sediment sampies reflect
the load of harmful compounds, and changes in the occur
rence of persistent substances, and to some extent also
in the occurrence of harmful bioaccumulating compounds.
Information on heavy metais in the sediments is avail
able from some recipient control and other loeal studies,
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6.1 Water and sediments
The concentrations of heavy metals in unloaded coastal
waters and sediments are usually low: in water, mercury
< 0.05, cadmium < 1.0, lead 0.5-1, zinc 5-10 and copper
2-5 mg m3 , and in sediment, mercury < 0.1, cadmium <
1.0, lead 20-40, zinc 80-200 and copper 20-60 mg kg
dry weiglit (cf. sediment values in Pyhämaa in Table 17,
Häkkilä 1985). Higher values can be found locally outside
larger towns and metal works and in the estuaries of
loaded rivers.
Section 6.6 gives details of studies of areas receiving
loads of heavy metais outside Tornio, Oulu, Raahe, Kokkola,
Vaasa, Pori, Rauma and Taalintehdas and in the estuaries
of the Kyrönjoki and Kokemäenjoki.
The concentrations of mineral oli in coastal waters have
not been determined since the beginning of the 1970s.
Ät that time the concentrations were low, Concentrations
over the detection limit 50 mg (IR method) were
recorded outside Porvoo (60-190 mg m
,
where the largest
oli refinery in Finland is located, Uusikaupunki (60-90
mg m3 ) and Vaasa (260 mg m3 ). Outside the inner
coastal waters, oil concentrations between 70 and 150
mg were measured in seven areas (Erkomaa 1975), The
great variation in the values may partiy be due to the
high detection limit of the method.
In the open sea, the oil concentrations in the water
were determined by fluorescence spectroscopy (detection
limit 0.5 mg m ) in 1977. In the Gulf of Finland, the
concentrations were higher (mean 4.9 mg m, light frac
tion) than in the Gulf of Bothnla (mean 3.1 mg m3 ).
In 1978 the values were slightly iower and the highest
values were measured in the westernmost part of the Gulf
of Finland (Tervo 1980). These values were of the same
order of magnitude as those reported from the Baltic
Proper. The concentrations in the water seem to have
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decreased since the late 1970s (Tervo, V., personal
communication). The concentrations of oil in the sedinents
are iow (around 10 mg kg’ dry weight).
Äccidental cii spiiis from the tanker Äntonio Gramsci in
winter 1979 reached the Stockholm archipeiago and the
outer islands of Äiand, but did not reach the Finnish
coastal waters.
Studies made on the effects of waste waters from oil
refineries and the petrochemical industry are described
in detail in section 6.7.
The only study on harmfui substances in waters receiving
pulp and paper miii effiuents was made in 1983-84 outside
the pulp miii at Rauma (Kotilainen 1985) Resin acids
had concentrations of 0 4-37 mg m3 and total chiorinated
phenolics 80-295 mg m3. The values for resin acids are
of the same order of magnitude as in fresh waters receiving
similar effluents, but the amounts of chlorinated phenolics
are mucli higher.
62 Benthic macroinvertebrates
The crustacean Mesidotea entomon and the mussel Macoma
baitica have been collected and analysed since 1974-75
for the purposes of coastai monitoring and the Baltic
Monitoring Programme. Mytilus edulis has also been used
in studies on heavy metais (Kaitala 1983, Häkkiiä 1985).
The concentrations of chlorinated hydrocarbons in Mesidotea
and Macoma in unioaded sea areas at the end of the 1970s
were iowt PCB 0.05-0.1 mg kg and total DDT 0.01-0.05
mg kg1 (fresh weight) The ieveis are about the same
as in the open sea (cf. Tervo et al. 1980). The material
available does not allow calculation of any temporai
trends.
Concentrations of heavy metais in benthic invertebrates
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in unloaded and loaded areas are presented in section 6.6.
6.3 Zooplankton
Zooplankton was sampled for analysis of chlorinated
hydrocarbons in 10 coastal areas in summers 1983-84
(Miettinen, V., unpublished material). The aim of the
study was to reveal possible changes since an earlier
study made in 1972 (Miettinen and Hattula 1978). The
PCB and total DDT concentrations were low: 4.1-6.3 and
0.58-0.72 ug kg fresh weight in the Gulf of Botlinia,
and 5.8-14.8 and 1.5-3.1 ug kg respectiveiy, in the
Gulf of Finland. Higher values were recorded in the
most western sea areas (south of the Ärchipelago Sea).
In the Gulf of Botlinia, the mean PCB and total DDT con
centrations of the zooplankton were less than one-third
of the values in 1972. In the Gulf of Finland, the mean
PCB concentration was about half and the total DDT con
centration about one-third of the earlier values.
Heavy metals were not determined in this study. In 1972
the meroury concentrations in the coastal zooplankton
were low: 10-87 ug kg1 fresh weight.
6.4 Fish
The results of the program for monitoring chlorinated
hydrocarbons and heavy metais in fish in 1978 are presented
in Table 15 (Gulf of Bothnia) and 16 (Gulf of Finland).
The results for the Archipelago Sea are included in the
values for the Gulf of Bothnia. The concentrations of
cadmium and lead were below the detection limits in ali
the sampies (0.05 and 0.1 mg kg, respectiveiy).
The concentrations of PCB and total DDT in extractable
fat of the muscle of pike and Baltic herring did not
differ much between the two coastal water areas, but the
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values for cod were clearly lower in the Gulf of Bothnia.
The fresh weight values of PCB and total DDT were highest
in Baltic herring, due to the higher fat content of the
muscle of this fish species,
Comparison of the separate values for the Gulf of Bothnia,
the Ärchipelago Sea and the Gulf of Finland shows that
the PCB concentrations in the eztractable fat of pike
were highest in the Gulf of Finland. The total DDT
concentrations in pike were higliest in the Ärchipelago
Sea, evidently due to the use of DDT up to 1969 in the
intensive agriculture on the adjoining land. The PCB
and total DDT concentrations in pike were clearly lowest
in the Gulf of Bothnia
High mercury concentrations in the estuary of the Kymijoki
and 0ff Oulu have caused rather high mercury leveis in
pike. These areas are polluted by mercury from the chlor
alkali industry. The elevated mercury concentration
(0.43 mg kg) in Merikarvia reflects the mercury pollution
in the estuary of the Kokemäenjoki, by which the largest
chlor-alkali plant in Finland is situated. The lowest
mereury concentratxon in pike was recorded in the Ärchi
pelago Sea The lowest zinc and copper concentrations
in pike were measured in the Gulf of Bothnia
The values of total DDT and PCB in pike presented in
Fig. 26 reveal a clear decreasing trend in the 1970s.
The high concentrations of mercury (> 1.0 mg kg) in
pike in the estuaries of the Kymi] oki and the sea area
off Oulu seem to be decreasing.
The concentrations of the airborne contaminants chlordanes
and toxaphene were determined on pike sampies from the
easternmost and northernmost coastal water areas. The
chlordane concentrations (10-30 ug kg’ fresh weight.)
and the toxaphene concentrations (<10 ug kg1) were fairly
low. The concentrations of chlordanes in fisli seem to
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Fig. 26. Temporal trends of the total DOT and PCB concent
rations in extractable fat of pike muscle in the Gulf ofFinland (GF), in the Ärchipelago Sea (ÄS) and in the Gulf
of Botlinia (GB).
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be increasing (Moilanen et al. 1982).
Not ali the results of the fisli monitoring in 1983 are
available at present , but the preliminary results show
that the concentrations of totai DDT, PCB and mercury
are still decreasing. The concentrations of cadmium and
lead in the fish aro low (usually below 10 and 50 ug
kg1, respectively). Higher values can be found locally,
in areas to which metals aro discharged (cf. Section 6.6).
In 1984-85 sampies of 2-year-old Baltic herring were
collected separately for coastai monitoring purposes.
The resuits show that the PCB contents in Baltic herring
in the Gulf of Finland increase towards the east: Hanko
53 ug kg1 fresh weight, Helsinki 58, Loviisa 65 and
Virolahti 135. The highest total DDT concentration, 124
ug kg1, was also recorded in Virolahti, while the lowest
one (52 ug kg1) was obtained off Helsinki. In the Gulf
of Bothnia, off Pori and Oulu, the concentrations of
total DDT were clearly lower than in the Gulf of Finland
(15 vs. 38 ug kg); the PCB concentrations were, re
spectively, 15 and 75 ug kg1.
Both the PCB and total DDT concentrations in Baltic herring
in 1984-85 were lower than those measured in 1978
Studies made in Sköldvik on the occurrence and effects
of organic compounds in fish are described in detail in
section 6.7.
6.5 Seals
The reproduction of the ringed seal (Phoca hispida)
population in the Gulf of Bothnia started to decline in
the latter half of the 1960s. This was chiefly due to
pathological uterine occlusions. In 1977-79, when the
situation was worst, more than 50 % of the older females
were sterile. Since then the situation has improved:
the frequency of occlusions in younger females has
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decreased and the proportion of yearlings in the population
has increased. The occurrence of uterine occlusion is
thought to be linked with high PCB levels (Helle 1986).
Occlusions have also been found in grey seals (Halichoerus
grypus).
In the Gulf of Bothnia, the highest concentrations of
PCB (max 389 mg kg1, in extractable fat of blubber) and
total DDT (max 357 mg kg’) in ringed seals were reached
in 1977. During the period 1977-80 the PCB concentrations
in different age groups were 96-113 mg kg and the total
DDT concentrations 50-97 mg kg 1 (Helle et al. 1983).
In 1980-83 the yearly mean values for PCB were 57-85 mg
kg and those for total DDT 51-58 mg kg (Helle and
Stenman 1984).
In the Gulf of Finland the concentrations of PCB and
total DDT in seals are decreasing and the level in 1983
seems to be about the same as the level in the Gulf of
Bothnia (Helle and Stenman 1984).
The decrease of PCB and total DDT concentrations in fish
is cleariy paralleled by the decrease in seals.
In the Gulf of Finland, the following mean concentrations
of heavy metais were obtained for sampies of musele tissue
taken in 1976-82 from ringed seals and grey seals: zinc
(38 and 35 mg kg, wet weight), copper (1.2 mg kg in
both species), cadmium (0.01 and 0.004 mg kg), lead
—l
—i(0.08 and 0.07 mg kg ), mercury (0.64 and 1.5 mg kg )
and selenium (0.27 and 0.36 mg kg1) (Perttilä et al.
1986).
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6.6 Special studies in areas receiving loads of heavy metais
This section deals in detail with coastal waters to which
metais are discharged directly in industrial effluents.
In addition, material is presented from the estuaries of
the Kyrönjoki and Kokemäenjoki (see Fig. 27). Results
from the unloaded Pyhämaa coastal area are reported for
comparison. The results are compiled in Table 17.
The seetion is mainly based on recipient control and
special studies: Tornio (Lapinkangas 1983a), Oulu (Myi
lymaa and Riihimäki 1984), Raahe (Riihimäki 1983), Kokkola
(Alasaarela 1981), Kyrönjoki estuary (Heikkilä 1987),
Kokemäenjoki estuary, Mäntyluoto in Pori, Pyhämaa (Häkkilä
1985) and Taalintehdas (Häkkilä and Mölsä 1981). Other
studies used are referred to in the text.
The loading values (in 1982) are from the Data Bank of
Industrial Water Pollution Control (NBWE).
In Tornio the ferrochromium and steel works load the
receiving waters with iron (6 t a’, zinc (5 t a ),
chromium (0.8 t a) and small amounts of other trace
metais. In the effluent control studies only the con
centrations of copper and vanadium exceeded the metal
concentrations measured in the receiving waters, and
only in a couple of cases
In the receiving waters the iron concentrations did not
exceed those measured in the Tornionjoki and Kemijoki,
which affect the coastal water area. The concentrations
of the other metals in the water did not exceed the
background values, except in the case of chromium, whicli
is associated with suspended solids released from the
bottom sediments in summer by wind-induced currents.
In the surface sediments (0-3 cm), the concentrations of
the metais studied were highest at the outermost sampling
stations, about 8 km from the sewer The chromium con
centration, however, was highest near the sewer Only
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F±g. 27. The areas loaded with iron and heavy metais
(1), the areas, where mercury concentrations in pike are
clearly elevated (2) and the areas loaded with oil and
other organic micropollutants (3), Metais present in
higher concentrations in the sediment or biota than in
the reference area are indicated,
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